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ABSTRACT 


Work  under  Contract  AF  33(6l6)“724i  has  two  objectives,  (l)  to  develop  a  small 
scale  jet  fuel  thermal  stability  tester  capable  of  operation  at  fuel  temperatures 
from  300  to  650  F  with  samples  1  quart  or  less  in  size  and  (2)  to  study  the  effects 
of  storage  on  thermal  stability  performance  of  JP-6  grade  jet  fuels  and  establish 
causes  (in  terms  of  environmental  factors  and  fuel  composition)  for  any  adverse 
re,sults  observed. 

The  first  year  of  work  on  thermal  stability  test  methods  produce4  three 
potentially  useful  techniques,  (l)  a  recirculating-flow  dynaniic  method  measuring 
deposit  insulating  effects  arovm.4  a  heated  surface  which  requires  1000  ml  fuel 
samples,  (2)  a  static  method  measuring  deposit  insulating  effects  around  a  heated 
nickel  wire  which  requires  I50  ml  fuel  samples  and  (3)  a  static  method  based  on 
changes  in  fuel  light  transmission  characteristics  after  heating  which  requires 
only  5  iiil  fuel  samples.  The  latter  two  of  these  methods  will  be  investigated 
fiirther. 

The  results  through  one  year  on  the  JP-6  storage  stability  investigation  showed 
that  three  out  of  five  test  fuels  did  deteriorate  significantly  after  26  weeks  at 
110  F  in  tetms  of  CFR  Fuel  Coker  rating,  while  a  fourth  fuel  showed  evidence  of 
deterioration  in  one  container  only  which  is  attributed  to  solids  contamination. 
Vented  veroiis  sealed-undei -nitrogen  storage  had  no  influence  on  the  changes.  The 
only  cnemical  or  physicax  changes  in  the  test  fuels  after  storage  which  matched 
the  thermal  stability  changes  were  the  UV  light  transmission  characteristics.  The 
two  fuels  least  affected  by  storage  were  low  in  both  sulfur  and  polycyclic  aromatics 
content.  Several  phenol  type  antioxidant  additives  appeared  capable  of  stabilizing 
a  fuel  of  poor  thermal  stability  performance  when  fresh  and  of  maintaining  this 
stability  throughout  storage,  whereas  a  single  amine  type  additive  tested  had  nega¬ 
tive  effects  on  storage  stability. 

Aromatic  nucleus  compounds  added  in  small  amounts  to  a  stable  paraffinic  base 
fuel  caused  appreciable  degradation  in  thermal  suability  only  when  oxidiz^  states 
(hydrbxyl  or  carbonyl)  were  present.  The  influence  of  oxygen  avad-lability  on  this 
problem  was  demonstrated  by  large  increases  in  fuel  peroxide  content  after  themal 
stability  testing  and  by  .improved  thermal  stability  rating-s  when  dissolved  air  was 
removed  as  effectively  as  possible. 
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I.  HitaODPCTlQlf 


The  work  describod  in  the  following  report  was  carried  ottb  by  Phlllipe 
Petroleum  Company  during  the  one  year  period  extending,  i^om  Ifay  1,  i960  thrbiigh 
April  30,  1961,  Two  separate  projeete  were  initiated,  (l)  develoj^ent  of  a  small 
sample  Jet  fuel  thermal  stability  teat  and  (2)  study  of  deterioration  of  JP-6 
Jet  fuel  thermal  stability  performance  during  storage. 


The  goals  of  the  test  method  deTelopSient  project  are  to  aseertalh  the  fea8<> 
ibility  of  a  relatively  simple  test  for  evaluating  Jet  fuel  theraal  et ability 
quality  which  can  be  performed  with  fuel  samples  less  than  one  quart  in  siae  and 
which  will  separate  fuels  in  the  proper  order  of  quality  with  respect  to  both 
subsonic  (300°F)  and  supersonic  (to  650®F)  aircraft  fuel  systems.  Work  carried 
out  during  the  period  covered  by  tho  present  report  included  test  methods  based 
on  both  static  and  reeireulating-flow  environments  for  the  heated  fuel* 


Objectives  of  the  storage  stability  project  are  to  examine  the  deterioration 
In  thermal  stability  quality  of  a  group  of  JP-6  type  Jet  fuels  during  controlled 
storage  at  both  110  F  hot  room  and  ambient  teiq>erature  conditions  and  to  relate 
these  changes  to  fuel  composition,  oxygen  availability  and  the  presence  of  anti* 
oxidant  fuel  additives.  Perfomance  of  the  test  fuels  in  this  respect  is  based 
on  CFH  Fuel  Coksr  tests,  gum  content  and  color,  while  a  wide  variety  of  ehamleal 
analyses  are  being  made  to  isolate  the  causes  for  the  performance  changes  observed* 
This  information  will  ultimately  be  applied  to  the  recommendation  of  methods  for 
handling,  additive-treating  or  processing  jet  fuels  to  prevent  thermal  stability 
performance  deterioration  during  extended  periods  of  storage  prior  to  use. 

Both  projects  are  to  be  continued  for  a  second  one*year  period  under  a 
supplemental  agreement  to  Contract  AF  33(6l6)*7241,  so  that  the  present  report 
covering  the  first  year  of  work  only  has  been  termed  "First  Year  Summary  Technical 
Report".  Previous  reports  Issued  under  this  contract  include  Progress  Reports 
No,  I'l/  and  2'^^,  covering  the  first  and  second  four-month  working  periods 
respectively,’ 


Manuscript  Released  May,  I96I  for  Publication  as  an  ASD  Technical  Report 
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U.  ^ULL  SCAO:  JET  im  THBWCAI,  SZASUltf  TSBT  HETHODS 

Jet  fu«l  themal  at&bilitr  quality  ii  presently  controlled  la  the  yarieus 
ailitai^y  specifications  by  the  CJB  Fuel  Coker  teet^  using  varying  temperature 
eonditiona  to  aatch  the  dlfferencea  in  thermal  severity  represented  by  different 
elasBes  of  military  aircraft.  Among  the  vell-reeoignlaed  deficiencies  of  this 
test  for  both  reaearch  and  quality  control  purposes  are  the  relatively  large 
sample  size  (6  gallons),  lengthy  test  time  (6-7  hours)  and  high  co«t($70-$100) 
for  a  single  determination,  Moreover^the  slgnlfioancio  of  this  test  appears  doubt¬ 
ful  with  respect  to  at  least  one  application  for  iJP-6  grade  jet  fuel,  as  tested 
at  temperatures  between  600  and  430  F,  while  the  apparatus  Itself  IS  not  readily  . 
adaptable  to  temperatures  above  450  F, 


therefore  the  present  work  has  the  objective  of  detersdrdng  the  feasibility 
of  a  method  for  laboratory  evaluation  of  jet  fuel  thertial  stability  characteristics 
which  satisfies  the  following  criteria: 

(1)  Requires  less  than  one  quart  of  test  fuel* 

(2)  Capable  of  fuel  temperatures  from  300  to  65^ ‘S'* 

(3)  Aligns  fuels  in  proper  order  of  quality  for  subsonic  aircraft  in  vdiich 
fuel  is  heated  to  300  or  400  P  and  for  supersonic  aircraft  in  which  fuel 
may  be  heated  well  above  450  P, 

Base  line  themal  stability  ratings  to  guide  the  investigation  of  suitable 
small  sample  test  methods  will  consist  of  CFR  Fuel  Coker  ratings  at  fuel  tempera¬ 
tures  between  300  and  400  F,  which  will  be  considered  to  represent  the  requlremente 
of  present  subsonic-transonic  military  aircraft.  For  the  requlremente  of  Mach- 
three-plus  aircraft  ths  guiding  premises  will  be  ratings  by  another  Air  Force 
contractor  using  both  a  High  Temperature  Research  Fuel  Cokey^and  a  special  fuel 
system  simulator  rig*  The  fuels  are  to  be  provided  to  Phillips  by  arrangement  with 
WADD. 


As  to  types  of  test  apparatus,  both  static  and  flowing  types  of  systems  have 
been  considered.  The  fomer  offers  the  potential  advantages  of  far  greater 
simplicity  and  adaptability  to  very  small  fuel  samples  while  the  latter  approaches 
more  realistically  the  type  of  enviroisaent  in  which  fuel  thexmal  Instability  shows 
itself  in  jet  powerplants. 


A.  Flowini;  Fuel  Systems 

Existing  test  procedures  concerned  with  Jet  fuel  thermal  stability  effects 
have  concentrated  on  measurement  of  the  flow  restricting  effects  and  color  of  the 
deposits  produced.  However ;it  is  now  understood  that  a  primary  undesirable  aspect 
of  fuel  instability  products  laid  lown  as  deposits  in  the  fuel  side  of  engine  lube 
oil  coolers  is  loss  in  heat  trans'fer  -  which  allows  lube  oil  temperatures  to  rise 
to  undesirably  high  levels.  Therefore  it  appeared  that  the  possibility  of  a  test 
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method  based  cn  ddreeh  measureneitt  lh@  Ijnsidating  effects  of  deposits 
produced  b7  fuel  InStabUlt^^  iulghi  bo  fO'iftXtsSylf  foilioved  up  under  the  present 
contract.  This  section  of  the  tepert  describes  the  assooiblir  and  testing  «f  a 
"bread-hoard**  model  dynamie  or  flo>dRg  s/ffiem  /or  the  meaeurement  of  Jet  fuel 
thermal  Stability  in  terms  of  losses  in  heat  transfer  ooeffloient  resulting  from 
deposit  laydown. 

1.  Preliminary  Design  Considerations. 

Determination  of  heat  transfer  coe/flcient  requires  precise  indication  ot  the 
temperature  differential  across  the  fluid  (and  depoelt)  boundary  layer  film 
adjacent  to  the  surface  from  which  heat  is  being  transferred,  plus  knowledge  of 
the  rate  of  heat  flux  through  this  film.  Therefore  primary  coneidsrations  in  the 
assembly  of  a  system  measuring  deposit  effects  under  conditionB  where  forced 
convection  is  the  controlling  mode  of  heat  transfer,  are  the  methods  for  accurately 
and  repeatably  measuring  this  film  Ot  and  heat  input  rate.  As  to  the  latter,  the 
obvious  approach  is  to  employ  electrical  resistance  heating, .which  enablee  direct 
measurement  of  heat  Input  in  terms  Of  wattage.  Oiie  simple  heat  transfer  system  . 
of  inherently  low  heat  capacity  which  has  besn  employed  by  other  invostigatore'^' 
concerned  with  use  of  fuels  as  coolant  le  direct  resistance  heating  of  a  stainless 
steel  tube  around  which  fuel  is  flowing  and  within  which  thermocouples  can  be 
placed  for  indication  of  internal  surface  temperature. 

Because  of  the  obvious  difficulty,  in  practical  systems,  of  evaluating  the 
true  temperature  differential  across  a  fluid  film  adherent  to  a  heat  transfer 
surface.  It  is  common  practice  in  heat  transfer  work  to  express  this  differential 
as  the  difference  in  temperature  between  the  surface  from  which  heat  is  being 
transferred  and  the  average  temperature  of  the  main  body  of  the  fluid  being  heated. 
This  pranlse  has  been  adopted  in  the  present  work.  Thus,  with  measurements  of 
tube  wall  surface  temperature,  average  fuel  stream  temperature  and  heat  flow  rate 
available,  the  heat  transfer  coefficient  (or  film  conductance)  In  a  forced  convec¬ 
tion  system  may  be  calculated  from  the  equation! 


\  '  AdJ-Tj.) 

2 

Where;  h^  =  fi.ijn  conductance  (Btu/hr  ft  ®F) 
q  =  heat  flow  rate  (Btu/hr.) 

2' 

A  “  heat  transfer  surface  area  (ft,  ) 

T,p  =  tube  outside  surface  temperature  (®F) 
Tp  =  average  fuel  stream  temperature  (°P) 


The  foregoing  considerations  eeaaed  to  indicate  that  a  miniature  tube  and 
shell  heat  exchanger  utilizing  direct  resistance  electrical  heating  of  the  tube 
and  temperature  sensing  by  axially  placed  themocouples  in  the  tube  offered  the 
most  desirable  features  for  the  present  purposes. 
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Figure;  1  showe  schematically*  the  apparatus  put  togethei*  to  investigate  thi® 
type  of  approach  to  evaluating  jet  fuel  thermal  instabilit/  effects*  The  propoiv, 
tions  of  the  heat  exchanger  represent  comprcftiises  between  (l)  adequate  reeldenee 
time  to  achieve  fuel-out  temperatures  as  high  "as  650^1*  with  a  maximum  electrical 
heating  load  of  1  KW,  (2)  minimum  shell  diameter  to  maximize  velocity  (or 
Reynolds  No,)  and  (3)  adequate  clearanee  between  shell  and  heating  tube  to  avoid 
electrical  short  circuiting.  Recirculating  flow  was  employed  in  order  to  collect 
sufficient  deposit  from  one  liter  fuel  samples  to  produce  measura]ble  effects  on 
heat  transfer.  This  also  allowed  independent  control  of  system  pressta»e  by  ad¬ 
mitting  nitrogen  into  the  vapor  space  in  the  fuel  reservoir  without  requiring  any 
high-pressure-drop  devices  such  as  orifices  or  valves  which  would  be  subject  to 
erratic  plugging  by  deposits.  It  is  recognized  that  the  use  of  recirculating 
flow  does  involve  some  compromises  with  realism  with  respect  to  actual  aircraft 
engine  fuel  systems. 

Metering  the  rate  of  fuel  flow  was  achieved  by  controlling  the  rpm  of  the 
constant  displacement  gear  pump  used  to  recirculate  the  fuel  -  thus  the  pump 
itself  was  calibrated  to  serve  as  a  volumetric  flowmeter.  Since  fuel  is  usually 
metered  VolumetriGally  in  aircraft  fuel  aystems  It  seemed  appropriate  to  meter 
the  fuel  voltmetrically  In  the  teat  apparatus  as  well.  The  intercooler  shown 
seemed  to  reduce  the  temperature  of  the  fuel  stream  leaving  the  heating  section 
to  a  level  which  could  be  withstood  by  the  seals  in  the  gear  pump. 

Initially  metal-sheathed  "Ceramo"  thermocouples  were  employed  for  indication 
of  metal  temperatures  in  the  easentially  black-body  equilibrium  radiation  environ¬ 
ment  provided  by  the  interior  of  the  heating  tube.  However,  it  soon  became  appar- 
ant  that  the  thermocouple  sheatha  were  short  circuiting  portions  of  the  applied 
heating  current  through  the  Junctions,  causing  erroneous  readings.  Thus,  fiber 
glass  fabric  insulated,  themoeouples  were  substituted  and  were  ueed  for  all  of  the 
tests  to  be  shown  in  the  present  report. 

'  Summarized  below  are  a  number  of  the  more  Important  design  features  of  the 
apparatus  depicted  in  Figure  It 

Heat  Exchanger  -  Tube  and  shell  -  l/8"  o.d,  304  stainless  steel  electrically 
heated  tube  (.031”  wall,  7”  heated  length)  within  1/4"  l.d, 
shell.  Tube  ends  sealed  and  electrically  insulated  with 
1/4”  i.d,  X  3/d"  o,d.  rubberized  asbestos  ferrules. 

Temperature  Measurements  -  Tube  wall  temperatures  -  Axial  probe  from  each 

end,  fiber  glass  insulated  l,c,  tharmocouples. 

Fuel  tsnperatures  -  Radial  and/or  axial  i.c. 
thermocouple  probes  at  points  immediately 
adjacent  to  the  main  heat  exchange  chamber* 
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Heat  Input  Source  and  Control  •-  Source  —  10  voit,  ''1  KVA  step— down  transformer 

(115  V,  prl.) 

0 

Control  -  Autetransfomer  used  to  vary  primary 
voltage* 

Metering  -  Voltmeter  and  ammeter  in  transform^ 
er  secondary  circuit* 

Fuel  Flow  Metering  -  Eastern  Industries  Model  1201  gear  pump  driven  by  induction 

motor  through  variable  speed  cone  drive. 

The  test  procedure  employed  consisted  of  charging  Olio  liter  of  test  fuel  into 
the  pre-cleaned  apparatus,  pressiirizing  it  with  nitrogen  to  ZUO  psig  (dictated  by 
the  pressure  rating  of  the  fuel  reservoir),  adjusting  rate  of  fuel  flow  to  one 
gallon  per  hour  and  setting  the  desired  level  of  wattage  inputt.  Fuel  and  tube 
temperatures  were  then  monitored  at  five  minute  intervals  for  a  total  test  period 
usually  two  hours  in  length.  The  temperature  and  wattage  measurements  wore  then 
converted  to  heat  transfer  coefficient  (h  )  valufs  using  the  equation  shown  on 
page  3*  Most  of  the  testing  carried  out  with  this  apparatus  employed  rather 
severe  heating  flint  conditions,  corresponding  to  571  8tu/lh?  of  beating  surface, 
in  order  to  produce  measiurable  fouling  effects  in  reasonably  short  test  durations, 

2.  Test  Results  Using  JP-Fuels 

Table  I  presents  a  condensed  summary  of  data  obtained  with  various  fuels 
following  one  full  hour  of  operation,  which  can  be  considered  to  represent  fully 
warmed  up  conditions.  Figure  2  presents  complete  hg  versus  time  curves  for  two 
fuels  selected  for  preliminary  test  work  because  of  known  wide  differences  in 
thermal  stability  quality  based  on  the  CFR  Fuel  Coker  test*  The. isoparafflnic 
JP-5  boiling  range  alkylate  fuel  produces  CFR  Fuel  Coker  heater  deposits  rating 
no  heavier  than  ”0”  or  ”1"  at  400  F-plus  temperature  compared  with  "4"  or 
heavier  ratings  for  the  aged  West  Coast  (JP-5)  kerosine.  The  heat  transfer 
coefficient  data  shown  in  Figure  3  al^-gn  these  two  fuels  in  the  same  order  of 
quality  as  the  CFR  Fuel  Coker  preheater  ratings,  that  is  the  severe  heat  exchanger 
fouling  caused  by  the  West  Coast  kerosine  fuel  produces  peak  h-  values  fsLlling 
25  to  30  xinlts  below  those  for  the  clean  isoparafflnic  fuel*  Exploratory  tests 
of  varying  duration  showed  that  appreciable  deposits  were  laid  down  by  the  poorer 
of  these  two  fuels  as  early  as  ten  minutes  in  the  test  cycle  -  well  below  the  time 
required  for  warmup  of  the  apparatus  itself.  Thus,  the  peaks  shown  in  the  curves 
of  Figure  2  at  about  50-60  minutes  running  time  correspond  to  equilibrium  temp¬ 
erature  conditions  for  an  already-fouled  heating  tube  -  suggesting  that  a  thermal 
stability  quality  rating  can  be  based  on  either  peak  "hg",  or  "hg"  level  at  some 
fixed  time  period  after  the  apparatus  is  fully  wanned  up  (  >■  50  minutes). 

The  next  step  was  to  follow  up  the  preliminary  indications  that  this 
technique  could  tell  the  difference  between  fuels  representing  extremes  in  temp¬ 
erature  stability  characteristics,  using  other  test  fuels  varying  in  CFR  Fuel 
Coker  rating  only  within  the  limits  allowed  by  the  JP-6  fuel  specifications; 

Figure  3  shows  hg  versus  time  curves  obtained  with  6  different  JP-6  type  fuels 
available  from  the  storage  stability  phase  of  this  contract  program.  Again 
a  wide  separation  in  fuel  heat  transfer  performance  in  this  apparatus  was  shown. 
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TABUS  I 


HEAT  TRANSFER  DATA  OBTAINED  WITH  THE  SKALt  SCALE  DYUJiKIC  THEBKJIL  STABILITY  TESTBR' 

Dimensions  -  l/4'*  Pl&.  %  7"  Heat  Ejcchangar  Vlttl  1/0*  Dla*  Heated  T\iEe. 

Pressure  -  240  psig 

Fuel  Flow  Rate  -  1  &PH  with  1  Liter  Fuel  Charge 
Power  Input  -  390  Watte 
Ambient  Temperature  -  81  F  (♦  ^) 

Note:  Data  Below  Taken  Afte?  One  Hour’s  Operating  Time 


Fuel 


Run 

Fuel 

In. 

23 

Isopar  ..nic  Alkylate  Fraction 
(B829) 

128 

24 

Aged  West  Coast  Kerosene 
(G593D) 

126 

25 

Wright  Field  F-^0-3 
(K27) 

124 

26 

West  Texas  Kerosine  + 

Alkylate  (K50O) 

129 

27 

West  Texas  Kerosine  + 

Alkylate  (K30) 

11? 

28 

Wright  Field  F-60-5 
(K26) 

115 

29 

Midcontinent  Kerosine  ^ 

Alkylate  (K28) 

121 

30 

Gulf  Coast  Kerosine  + 

Alkylate  (K29) 

113 

31 

Wright  Field  F-60-3 
(K27) 

112 

Power  Input  -  285  Watts 

36 

IBP  -  360  F  Cut  from 

W.T.  Kero.+  Aik, 

103 

37 

360-400  F  Cut  From 

W.T.  Kero.+  Aik. 

107 

38 

400  F  -  EP  Cut  From 

W.T,  Kero.+  Aik. 

105 

T^peraturcv  Tube  Tgmperature,  c 

. T  _  .  F  , ,  Btu/Hr» 


Out 

In 

Out 

425 

STfl 

580 

658 

619 

201 

432 

279 

630 

708 

669 

177 

428 

276 

593 

686 

640 

189 

431 

280 

668 

837 

753 

146 

411 

264 

601 

736 

669  , 

170 

407 

261 

540 

625 

583 

214 

408 

265 

565 

648 

607 

201 

400 

257 

560 

672 

616 

192 

419 

266 

592 

668 

630 

189 

297 

200 

440 

523 

482 

181 

309 

208 

473 

542 

508 

170 

296 

201 

527 

708 

618 

122 

7 


note:  fuel  outlet  temp  «420F 

.  FiBER-OtASS  SHEATHED  THERMOCOUPLES 


FIGURE  2 

HEAT  TRANSFER  PERFORMANCE  OF  TWO  FUELS  IN  THE 
SMALL  SCALE  RECIRCULATING  FLOW  JET  FUEL  THERMAL  STABILITY  TESTER 
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note,  fuel  outlet  temp  » 

fiber-glass  -I'O  to  420F 

SHEATHED  thermocouples 


heat  TRANSFER  PERFORMANCE^"'’^  ^ 


With  these,  as  with  the  JP-5  typo  fuels,  the  apparatus  appeared  to  have  detected 
variations  ia»the  rate  of  build-up  of  deposits  and  variations  in  the  thermal  re¬ 
sistance  of  these  deposits.  In  two  cases,  the  K-27  and  K-500  runs,  the  curves 
dropped  off  significantly  after  reaching  their  peadcs,  indicating  that  deposition 
continued  to  occur  through  the  duration  of  these  tests  and  that  this  d6>. .  ition 
was  of  a  type  which  decreased  heat  transfer  performance.  For  the  balance  of  the 
tests  the  depositing  rate  appeared  to  be  relatively  slow  early  in  the  tests  and, 
in  general,  upon  reaching  a  peak,  either  very  little  further  deposition  occurred 
or,  If  any  did  occur  it  was  not  of  a  type  irfiich  affected  heat  transfer  perform¬ 
ance  greatly.  At  any  rate,  these  data  confirmed  that  the  test  rig  was  able  to 
separate  fuels  on  a  heat  transfer  basis.  Additionally,  these  data  tell  a  great 
deal  more  about  the  performance  of  a  fuel  than  a  simple  terminal  color  rating. 
For  example,  the  deposits  produced  by  fuel  K27  were  relatively  light  gray-brown 
in  color,  yet  the  performance  of  this  fuel  throughout  the  last  hour  of  the  test 
was  considerably  poorer  than  several  of  the  other  fuels  whose  deposits  were 
considerably  blacker. 


In  order  to  be  assured  that  the  variations  in  heat  transfer  coefficient 
were  the  result  of  heat  exchanger  fouling  and  not  simply  those  accompanying 
variations  in  the  physical  properties  of  the  fuels,  it  was  decided  to  consider 
the  effect  of  these  fuel  variables  on  the  Nusselt  expression: 

(Nusselt  No.)  (Reynolds  No.)^  (Prandtl  No,)'^ 


In  general,  the  empirically  derived  modifications 
the  form: 


of  this  equation  are  of 


0.4 


where:  h^  Heat  transfer  coefficient 

D  *  Characteristic  dimension  of  the  heat  exchanger 

V  =■  Fluid  velocity 

k  »  Fluid  thermal  conductivity 

^  =  Fluid  density 

T  =  Flxiid  kinematic  viscosity 

Cp  =  Fluid  specific  heat 

By  rearranging  this  proportionality  in  terms  of  the  effect  of  fuel  properties 
alone  it  becomes: 


V,  0.4  O  0.4 

k  Y  Cp  ^ 

In  the  absence  of  actual  measurements  of  C  estimates  of  specific  heat  were 
obtained  for  the  six  JP-6  fuels  from  the  charts  Sf  Hougen  and  Watson  (4)  using 
volumetric  average  boiling  points  and  API  gravities  for  the  average  fuel  tempera¬ 
ture  attained  during  each  test.  Estimates  of  thermal  conductivities  were  obtained 
from  the  nomograph  developed  by  Ifapstone  (5)  based  on  API  gravity,  again  at  average 
fuel  temper at  lores.  Kinematic  viscosities  were  extrapolated  to  the  average  fuel 
temperatures  from  a  plot  of  the  100  F  and  210  F  viscosities  versus  temperature. 
Density  was  established  from  the  API  gravity  of  each  fuel  and  then  corrected  to 
the  test  temperatures  by  using  the  curves  in  (6).  Substitution  of  these  estimates 

of  K,  Y,  C  and^  into  the  above  proportionality  yielded  the  following: 

P 

10 


Fuel  No« 

BJ60-10-K26 

BJ60-10-K27 

BJ60-10-K28 

BJ60-10-K29 

BJ60-10-K30 

BJi^iO~10-IC500 


\  ’  P 

3»82 

k,Ol, 

3.7« 

3.71 

3.73 

3.76 


Thus,  the  large  variations  in  heat  transfer  coefficients  observed  In  the 
tests  cannot  be  attributed  simplj  to  variations  in  the  physical  properties  of  the 
fuels.  So  it  is  believed  that  these  results  tend  to  confira  that  the  test  rig 
did  successfully  separate  these  fuels  on  the  basis  of  loss  of  heat  transfer  per¬ 
formance  as  a  result  of  heat  exchanger  fouling. 


It  was  noted  that  the  data  of  Figure  3  showed  highest  values  for  fuel 
K26,  which  was  the  highest  ranking  of  the  group  in  GFR  Fuel,  .Coker  ratir^  as  well, 
at  400  F-plus  temperature  conditions.  Additionally,  fuel  K5ob  which  produced  the 
lowest  h  values  fails  the  GFR  Fuel  Goker  test  at  400  F-plus  temperature  condi¬ 
tions  -  thus  the  separation  ih  order  of  quality  for  the  two  extremes  in  the  group 
was  the  same  for  both  types  of  test.  Thus  an  attempt  at  a  numerical  correlation 
seemed  indicated  for  the  complete  group  of  JP-6  fuels,  since  fairly  current  CFR 
Fuel  Coker  ratings  were  available  for  these  fuels.  Figures  4  and  5  show  the 
relationship  between  heat  transfer  coefficients  obtained  after  one  hour  test  time 
at  410-420  F  fuel-out  temperature  in  the  small-scale  recirculating  flow  thermal 
stability  tester  versus  CFR  Fuel  Coker  filter  merit  ratings  and  accumulated  pre¬ 
heater  deposit  ratings  at  400  F  fuel-out  temperature  respectively.  Considering 
the  differences  in  approach  towards  measuring  thermal  stability  represented  by 
these  data,  the  agreement  was  better  than  expected. 


3.  Evaluation  of  Fractions  of  a  Borderline  JP-6  Fuel 


As  a  supplement  to  the  studies  of  storage  stability  being  carried  on  under 
this  contract  in  which  attempts  are  being  made  to  identify  the  constituents  of 
jet  fuels  causing  losses  in  thermal  stability  with  storage,  a  West  Texas  keroslne- 
alkylate  JP-6  blend  of  borderline  thermal  stability  (in  terms  of  JP-6  requirements) 
was  cut  into  three  fractions  boiling  in  the  ranges:  (l)  IBP-36O  F,  (2)  36O-4OO  F 
and  (3)  400  F  plus.  These  fractions  were  tested  in  the  miniature  recirculating 
flow  jet  fuel  thermal  stability  test  rig  at  a  fuel  outlet  temperature  of  300  F. 

The  spent  fuel  samples  were  retained  and  subjected  to  chromatographic  analyses  in 
an  attempt  to  establish  what  changes,  if  any,  had  occurred  in  these  fractions  as 
a  result  of  the  two-hour  recirculating  heating  cycle.  The  results  and  interpreta¬ 
tion  of  these  analyses  are  discussed  in  detail  elsewhere  in  this  report,  but  the 
point  to  be  made  here  is  that  this  effort  utilizing  the  small-  scale  apparatus 
provided  data  for  explanation  of  fuel  degradation  mechanisms  using  samples  which 
could  not  have  been  made  available  in  sufficient  volume  for  evaluation  in  the 
CFR  Fuel  Coker,  It  has  also  demonstrated  the • applicability  of  this  test  technique 
to  fuels  varying  considerably  in  volatility  characteristics. 


Data  on  the  thermal  stability  performance  of  the  three  fractions  described 
above  are  shown  in  Table  I  and  graphically  in  Figure  6.  The  test  rig  effected  a 
wide  separation  of  these  fuels  in  terms  of  heat  exchanger  fouling  quadity,  the 
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FIGURE  6 

HEAT  TRANSFER  PERFORMANCE  OF  THREE  FRACTIONS  OF  A  WEST  TEXAS 
KEROSI^E;  IN  THE  SMAUI.  SCALE  RECIRCULATING  FLOW 
JET  FUEL  THERMAL  STABILITY  TESTER 
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lowest  boiling  fraction  rating  highest  in  stabilit7,  the  middle  boiling  fraction 
somewhat  less  stable  and  the  highest  boiling  fraction  very  much  lees  stable. 

Thus,  these  results  Indicated  the  most  unstable  fuel  constituents  to  be  identified 
vdth  the  400  F  plus  fraction,  providing  a  very  useful  guide  for  the  sobsequent 
chemical  analysis  work, 

4.  •  Supplementary  Design  Considerations 

The  experimental  data  presented  in  the  foregoing  were  largely  obt^ned  using 
an  air-cooled  after  cooler,  -simply  a  length  of  coiled  stainless  steel  fin  tube* 

It  became  apparent  that  this  job  could,  be  done  more  effectively  (and  more  compactly; 
with  a  water  cooled  tube-and-shell  heat  exchanger  in  Vdiieh  the  fuel  passage  was  a 
single,  straight-through,  easily-' cleaned  passage,  which  is  the  installation  pictured 
in  Figure  1. 

Another  point  investigated  was  the  possibility  of  reducing  the  rather  high 
heat  flux  level:! (571  Btu/inl)  employed  i'n.the  tests  at  410-20  F  fuel-out  tempwa- 
ture  by  adjusting  heat  exchanger  dimensions,  without  of  course  reducing  the  rate 
of  deposit  accumulation  too  greatly.  It  appeared  that  a  some-hdiat  larger  heat 
exchanger  utilizing  a  heated  tube  of  3/l6  inch  diameter  x  18  inch  heated  length 
operating  in  a  I/4  inch  i.d.  shell  (as  compared  to  the  original  1/8  inch  dia.  x  7 
inch  length  tube)  would  offer  a  suitable  compromise  of  severity  and  operational 
ease.  This  design  has  been  operated  successfully  at  tube  temperatures  as  high 
as  900  F  with  no  undue  operational  problems.  However,  it  was  necessary,  -with 
increased  heater  tube  length,  to  develop  an  insulator-sealing  system  which  would 
allow  slippage  through  the  seals  as  the  tube  expanded  upon  heating.  After  trying 
a  number  of  methods  and  materials  it  has  been  concluded  that  a  satisfactory  syst^ 
consists  of  an  ordinary  metal  tubing  ferrule  and  nut  seal  at  the  hot  (downstream; 
end  of  the  exchanger  and  a  pair  of  Viton  O-rings  at  the  cold  (inlet)  ..end.  This 
system  was  found  to  provide  excellent  sealing  and  electrical  insulation  along 
with  the  desired  tube  slippage  at  elevated  temperatures. 

Some  reduction  in  severity  with  this  modified  heat  exchanger  was  achieved, 
accompanied  by  a  significant  reduction  in  the  amount  of  deposition  on  the  tube 
as  compared  to  the  deposition  observed  on  the  original  I/8  inch  x  7  inch  tube  for 
the  same  fuel  heating  level  and  operating  time.  Although  the  desired  decrease 
in  severity  was  achieved  by  this  design^it  would,  of  course,  be  necessary  to 
stretch  out  the  running  time  in  order  to  arrive  at  an  equivalent  degree  of  foul¬ 
ing  and  consequent  loss  of  heat  transfer  performance  at  any  given  fuel-out 
temperature. 

It  also  appears  that  the  system  pressure  (24O  psig)  employed  for  the  data 
obtained  in  the  I/8  inch  x  7  inch  heat  exchanger  may  not  have  been  high  enough 
to  prevent  some  degree  of  nucleate  boiling  at  the  heating  tube  surface  -with  the^ 
JP-6  test  fuels.  The  marked  influence  of  changes  in  system  pressure  from  50  psig 
to  350  psig  on  heater  tube  inside  wall  temperature  is  shown  in  Table  II. _  The 
effect  was  quite  dramatic  with  tube  temperatures  decreasing  with  decreasing 
system  pressure,  indicating  the  presence  of  nucleate  boiling  at  the  wall  of  the 
heater  tube.  It  should  be  noted  that  this  effect  was  observed  even  in  the  face 
of  increasing  heat  inputs  occ\irring  apparently  as  the  result  of  tube  cooling 
(and  consequent  decreasing  electrical  r esi stance)  by  evaporation  of  the  fuel  at 
its  surface.  It  is  probable  that  nucleate  boiling  occurred  during  at  least 
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TABLE  II 


EFFECT  OF  STSTEIC  PRESSURE  OK  HEATER  TUBE  SUHFAGB  TEKPERATURES  IN  THE 
KINIATUBE  DYNAMIC  THgWAL  STABILITY  TESTER 


Heat  Exchanger  Ditnensionss  l/6"  o.d.  x  7"  Tube  in  1/4"  i.d;  Shell 
Fuels  BJ60-10-K27?  Voltage  Drop  Across  Tubes  Constant  3*7  voltsj 
Flow:  1  gph 


Pressure 

psiA 

Fue^  In, 

Fuel  Out, 

°F . 

Tube  ^inidvay) 

Heat  In] 
Btu/hr 

350 

84 

385 

762 

1288 

300 

85 

388 

739 

1295 

250 

85 

392 

705 

1313 

200 

86 

393 

677 

1326 

150 

85 

398 

632 

1339 

100 

85 

398 

575 

1358 

50 

85 

391 

472 

1389 
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part  ^of  the  test  runs  previously  discussed  and  would  explain  some  of  the  rather 
high  values  of  heat  transfer  coefficient  obtained  during  those  tests4  Thus  the 
independent  control  of  system  pressure  allowed  by  nitrogen  gas  pressurization 
of  a  closed  recirculating  fuel  loop  permits  the  investigation  of  fuel  high  temp¬ 
erature  depositing  characteristics  under  both  non-boiling  and  boiling  conditions  * 

The  development  of  a  test-  procedure  based  on  deposit-insulating  effects  in 
a  recircu]a.ting,  flowing  system  was  terminated  at  this  point,  having  satisfactorily 
demonstrated  the  feasibility  of  this  type  of  approach  using  one-liter  fuel  samples 
and  apparatus  quite  simple  in  design  by  comparison  with  existing  thermal  stability 
test  procedures.  It  is  suggested  that  such  an  approach  could  be  followed  up  vdth 
profit  as  a  part  of  other  Air  Force  sponsored  test  methods  research!  in  the  jet 
fuel  area. 


B.  Static  Fuel  Systenis 

The  remainder  of  the  time  on  test  methods  development  imder  this  contract  is 
to  be, spent  on  static  types  of  procedures  emphasizing  simplicity  and  small  fuel- 
sample  requirements  as  primary  criteria;  the  type  of  test  which  could  be  readily 
employed  by  research  chemists  involved  in  the  fuel  synthesis  phases  of  the  overall 
Air  Force  fuels  research  program,  for  preliminary  screening  of  various  high  temp¬ 
erature  fuel  candidates.  In  addition,  the  application  of  a  test  of  this  nature 
to  specification  control  purposes  would  offer  obvious  advantages  over  the  present 
relatively  cumbersome  CFR  Fuel  Coker  procedure,  if  satisfactory  correlations  could 
be  demonstrated  with  test  results  in  larger  scale,  more  realistic,  apparatus, 

1,  BackgroTind 

There  are  many  possible  approaches  to  measuring  effects  of  heating  on  the 
formation  of  insoluble  resins  or  "gum"  in  hydrocarbon  mixtures.  \'Ihen  the  problem 
of  jet  fuel  temperature  instability  was  first  recognized,  attention  was  given  to 
the  ability  of  conventional  gravimetric  existent  and  accelerated  gum  procedures 
to  predict  the  performance  of  fuels  in  this  respect.  These  techniques  were  found 
insufficiently  sensitive  to  pick  up  the  very  small  amounts  of  potential  gum 
formers  producing  high  temperature  filter  plugging  in  early  versions  of  the  CFR 
Fuel  Coker  apparatus  and  various  like  devices.  It  was  noted  that,  while  fuels 
rating  marginal  in  gum  content  often  rated  poorly  in  CFR  Fuel  Coker  filter  plugging, 
the  converse  was  not  necessarily  true  —  many  fuels  rating  very  low  in  gum  content 
also  rated  poorly  in  CFR  Fuel  Coker  filter  plugging  performance  (8).  Whereas  the 
present  existent  and  potential  g\mi  test  procedures  produce  an  answer  in  terms  of 
mg  of  gum  present  in  100  ml  of  test  fuel  sample,  severe  plugging  of  the  CFR  Fuel 
Coker  filter  can  be  caused  by  just  a  few  mg  of  gummy  material  produced  from 
5  gallons  of  test  fuel.  Thus  the  failure  of  the  gum  test  procedures  to  guard 
against  this  type  of  problem  is  no  doubt  in  part  due  to  inadequate  sensitivity. 
However,  other  reasons  may  include  the  fact  that  physical  characteristics  of  the 
deposits,  not  recognized  by  an  evaluation  based  merely  on  gross  weight  per  unit 
volimie  of  fuel,  such  as  particle  size  and  adherent  qualities,  are  important  in 
determining  their  relative  harmfulness  in  aircraft  fuel  systems. 

Southwest  Research  Institute  has  done  considerable  work  under  both  Navy 
and  Air  Force  sponsorship  on  bomb- type  static  heating  tests  for  jet  fuel  stability 
(9)(l0)(ll),  The  references  cited  show  a  progression  from  (l)  a  small  scale 

17 


0 


externally  heated  bomb  in  which  insolubles  were  evsiluated  by  filtration  and  weighing 
to  (2)  a  larger  Volume  bomb  (one  liter)  so-as  to  provide  larger  amounts  of  filtered 
residue  for  more  accurate  weighing  and  finally  to  (3)  internally  heated  bomb  of 
intermediate  volume  (200  ml)  In  which  the  effects  of  the  filtered  residue  were 
evaluated  indirectly  in  terms  of  filtration  time  Increase  rather  than  gravimetric- 
ally.  The  latter  device  became  the  CRC  bomb  test,  evaluated  to  a  limited  extent 
by  the  CRC-Fuels  thezmal  JSt'ability  Group  Sfnall  Scale  Apparatus  Panel  and  by  this 
laboratory  working  under  Navy  sponsorship  (7).  This  test  does  avoid  the  limitations 
of  bath*type  heating  where  temperature  conations  from  400^600  F  are  desired  and 
also  attempts  a  measure  proportional  to  adherent  qualities  instead  of  merely  gross 
weight  of  insolubles  formed  by  heating.  In  addition,  d^oslt  laydown  on  the  heater 
tube  Itself  can  be  rated  visually  as  in  the  CFR  Fuel  Goker  test,  though  tending 
t©  be  much  lighter  for  a  given  fuel  and  temperature  condition  with  the  bomb  heating 
times  usually  employed. 


It  has  been  found  (7)  that  this  test  is  capable  of  separating  fuels  in  thermal 
stability  quality  If  tests  are  made  over  a  series  of  temperature  conditions  to 
establish  a  ’’threshold"  failure  level,  though  it  is  difficult  to  Interpret  a  test 
result  at  any  one  temperature  with  this  apparatus*  Though  this  has  soma  advantage 
in  providing  a  rating  in  terms  of  a  definite  limiting  fuel  temperature,  it  does 
make  the  test  somewhat  more  time-consuming  thaui  is  desirable  —  while  the  lightness 
of  the  heater  deposits  presents  some  difficulty  in  meaningful  evaluation. 

Preliminary  e:q)eriments  under  the  present  contract  (l)  attempted  measurement 
of  the  effects  of  deposits  formed  in  the  CRC  Bomb  (See  Figure  ?)  on  heat  transfer 
to  fuels  of  known  CFR  Fuel  Coker  performance  characteristics  —  using  a  modified 
heating  tube  containing  internal  thermocouples  for  indicating  surface  temperature. 
These  were  unsuccessful  and  the  CRC  Bomb  assembly  was  abandoned  as  unsuitable  for 
this  type  of  measurement.  However,  attracted  by  the  meaningfulneee  of  a  fuel 
thermal  instability  test  based  on  deterioration  in  heat  transfer  through  deposit- 
fouled  surfaces,  further  efforts  were  made  to  evolve  a  static  test  procedure  based 
on  this  type  of  effect  (as  was  done  with  the  dynamic  recircuQating  flow  procedure 
discussed  earlier).  This  work  is  to  be  described  in  a  separate  section  of  this 
report  and  represents  one  of  the  two  types  of  approach  to  a  static  thermal  stabil¬ 
ity  evaluation  procedure  selected  to  follow  up  under  this  contract. 

Another,  more  indirect,  type  of  effect  which  might  be  taken  advantage  of 
in  a  small  scale  test  of  the  nature  desired  is  the  change  in  fuel  optical 
characteristics  before  and  after  heating.  Color  changes  are  well  recognized  as 
sensitive  indicators  of  chemical  or  physical  changes  involving  only  minor  amounts 
of  reactants.  As  applied  to  petroleum  fuels,  darkness  in  color  has  long  been 
used  as  a  rough  guide  to  the  probable  instability  characteristics  of  undyed 
products,  particularly  heating  oils.  However  the  quantitative  significance  of 
standard  color  tests  for  petroleum  products,  such  as  the  Saybolt  chromoneter 
technique  and  the  ASIM  colorimeter  method  for  darker  products,  are  difficult  to 
assess  with  Respect  to  deposit  problems  in  fuel  handling  equipment.  Investigators 
at  Cities  Service  R  &  D  have  developed  a  technique  (12)  for  indirectly  measuring 
the  insoluble  gum  level  of  fuel  oils  by  changes  in  optical  density  measurements 
(using  0,5  micron  wavelength  monochromatic  light)  before  and  after  filtration 
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FIGURE  7 

MODIFIED  CRC  THERMAL  STABILITY  BOMB  ASSEMBLY 


throu^  a  sintered  glass  5-«iicroti  filter.  By  this  means  only  a  2,0  ml  san^)!©  need 
be  filtered,  versus  at  least  350  ml  If  Insolubles  are  to  be  determined  with 
comparable  prceision  by  direct 

During  work  by  this  laboratory  with  the  CRC  "Hiemal  Stability  Bomb  teat 
it  has  been  noted  that  the  changes  in  fuel  light  transmission  characteristics 
following  heating  (measured  with  a  Fisher  Electrophotometer  using  blue  light)  pro-^ 
dueed  numbers  separating  several  test  fuels  in  approxiinatcly  the  same  order  of 
quality  as  the  other  more  direct  types  of  meaau]?ement  did.  Investigators  at  the 
University  of  Cincinnati(^3)  have  ei^loyed  the  increase  in  ultraviolet  light 
absorbency  at  0.350  micron  wavelength  as  an  index  of  fuel  thermal  instability 
follovdng  heating,  in  a  program  attempting  to  pin  dovm  causes  for  thermal  in¬ 
stability  in  JP-3  and  JP-4  type  Jet  fuels* 


Research  on  the  oxidation  and  formation  Of  Insolubles  in  diesel  fuels 
has  been  carried  out  by  Caterpillar  Tractor  Company^^^  using  a  very  similar 
technique.  Here  complete  optical  density  versus  wavelength  curves  vrere  plotted 
over  the  range  from  0.35  to  0.65  microns  wavelength  (using  a  Coleman  spectro¬ 
photometer)  for  fuels  after  heating  to  temperatures  up  to  3^5  F.  Marked  increases 
in  fuel  optical  density,  particularly  noticeable  at  0.34-0.40  microns  wavelength, 
followed  heating  in  the  presence  of  oxygen. 

A  somewhat  different  but  related  technique  has  been  applied  by  Naval 
Research  Laboratory  to  the  study  of  stability  problems  with  both  diesel  fuels'^5' 
and  Jet  fuels^l°).  Here,  the  li^t  scattering  characteristics  of  fuels  at  various 
stapes  of  thermally- induced  degradation  are  employed  as  an  index  to  the  quantity 
of  particulate  matter  present,  using  a  0.436  or  0.546  micron  wavelength  light  beam 
and  measuring  the  intensity  of  light  scattered  at  a  45°  (forward)  angle  from  the 
incident  beam.  As  applied  to  Jet  fuels  the  procedure  employed  by  NHL  consists  of 
prefiltering  the  fuel  through  a  0.45  micron  Millipore  filter  paper  to  remove  any 
particulate  material  initially  present,  heating  in  a  CRC  Thermal  Stability  Bomb, 
followed  by  measurement  of  scattered  light  intensity.  The  earlier  NRL  studies  on 
diesel  fuels  were  followed  up  by  this  laboratory  working  under  Navy  contract  with 
regard  to  the  application  of  the  light  scattering  technique  to  Jet  fuel  stability 
problems ,  It  was  concluded  that  the  excellent  sensitivity  of  this  type  of 
measurement  to  the  appearance  of  small  solid  particles  in  fuels  warranted  further 
efforts  to  apply  it  to  Jet  fuel  stability  problems. 

A  type  of  measurement  sensitive  to  particles  representing  potential 
deposit-formers  at  an  even  earlier  stage  of  growth  is  represented  by  electron 
microscopy.  Southwest  Research  Institute  has  investigated”^' this  means  of 
indicating  incipient  thermal  instability  and  have  shown  a  degree  of  correlation 
between  tonperature  limits  based  on  differences  in  particle  appearance  in  fuels 
heated  through  a  range  of  temperature  conditions  in  very-small-volume  (3  ml 
approx.)  "bombs"  and  ratings  in  the  Hi^eTemperature  Research  Fuel  Coker.  Electron 
microscopy  has  also  been  applied  to  the  measurement  of  stability  quality  in  diesel 
fuels  for  railroad  usage”  93,  where  the  ability  to  actually  "see"  small  particulate 
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solids  allows  evaluation  cf  the  effects  of  detergent-dispersant  additives  on  low 
grade  fuels  containing  relatively  gross  amounts  of  gum  or  slfljglfe-f orming 
constituents. 

Thus  the  application  of  optical  techniques  to  aeasureaent  of  Instability 
in. petroleum  fuels  has  received  considerable  attention  In  the  past  —  and  it  was 
decided  that  this  type  of  measurement,  offering  as  it  does  excellent  sensitivity 
to  effects  produced  by  very  small  amounts  of  reacting  material,  represented  a 
second  approach  to  pursue  under  the  present  assignment.  Since  methods  such  as 
these  merely  reflect  something  which  exists  in  the  complete  fuel,  it  must  be 
recognized  that  meaningfulness  with  regard  to  actual  engine  deposition  problems 
must  be  established  empirically.  Experimental  work  carried  Out  t’O':  date  by  this 
laboratory  on  the  application  of  optical  measurements  to  a  small  volume  jet  fuel 
thermal  stability  test  will  be  discussed  separately. 

2.  Deposj.t -  Insulat ing _Ef f eets 

Following  the  attempts  mentioned  earlier  to  employ  the  CRC  thermal 
Stability  Bomb  for  measuring  deposit  insulating  effects,  it  was  decided  to  devise 
a  static  bomb  of  somewhat  different  design  which  would  adapt  itself  somewhat 
better  to  this  type  of  measurement.  The  first  of  these  is  shown  in  Figure  S  and 
is  in  principle  comparable  to  the  heated  section  employed  in  the  recirculating 
flow  tester -previously  discussed  (Figure  l).  A  l/8  inch  stainless  steel  tube  was 
employed  both  as  deposit  surface  and  heat  source  by  direct  resistance  heating  with 
low  voltage-high  amperage  AC  current.  Rubber-asbestos  gaskets  provided  both  sealing 
and  electrical  insulation  for  the  heated  tube  at  each  end.  The  heated  portion  of 
the  apparatus  was  maintained  liquid  full  and  the  offset  section  provided  added 
reservoir  capacity  for  expansion  purposes.  Temperature  of  the  tube  itself  was  indi¬ 
cated  by  two  i.c., thermocouples  inserted  coaxially  from  either  end,  while  the  liquid 
temperature  was  indicated  by  thermocouples  introduced  through  the  sides  of  the  bomb 
at  corresponding  axial  locations.  Using  a  50  ml  fuel  sample  volume,  with  l/2  inch 
pipe  as  the  outer  shell,  it  was  found  that  heating  tube  surface  temperatures  as 
high  as  900  F  failed  to  produce  sufficient  deposit  laydown  to  cause  any  chs^ge  in 
the  fuel  temperature-surface  temperature  relationship.  It  was  concluded  that  the 
ratio  of  the  heating  tube  surface  area  to  the  available  mass  of  deposit  from  this 
small  a  fuel  sample  was  too  high  to  permit  build  up  of  deposits  in  depth  such  as 
to  measurably  influence  heat  transfer.  Therefore  a  larger  version  of  this  apparatus 
was  assembled  allowing  an  800  ml  fuel  charge,  retaining  all  the  mechanical  features 
indicated  in  Figure  8,  using  2-inch  pipe  as  the  outer'  shell.  Using  this  unit  it 
was  possible  to  lay  down  deposits  rating  No.  4  or  worse  completely  covering  the 
surface  of  the  I/8  inch  heater  tube  following  a  three-hour  heating  cycle  with  a  low 
thermal  stability  quality  kerosine;  This  still  produced  no  significant  effects 
measurable  in  terms  of  temperature,  and, in  addition^800  ml  is  considered  an  un¬ 
desirably  large  amount  of  fuel  to  heat  batchwise  in  a  small  sample  test  procedure. 
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50  ML  INTERNALLY  HEATED  JET  FUEL  THERMAL  STABILITY  BOMB 
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Therefore,  the  next  attempt  towards’ a  st&tic  teat  baaed  on  deposit  in¬ 
sulating  effects  iiioved  in  the  other  direction,  that  is  a  reduction  in  the  area  of 
the  heating  surface  to  (1)  pemit  given  small  masses  of  deposit  to  build  up  in 
greater  depth  and  (2)  minimise  conduction  paths  for  external  heat  losses  masking 
deposit  effects.  Keeping  in  mind  the  desire  for  slB^plicity  of  apparatus.  It  was 
decided  that  a  technique  utilizing  a  short  section  of  small  diameter  heated  wire 
iiiimersed  in  fuel  would  offer  a  large  increase  in  responsiveness  (or  sensitivity) 
while  remaining  quite  simple.  By  selecting  material  with  a  suitable  temperature 
coefficient  of  resistance  this  wire  could  be  used  not  only  as  the  heating  element 
but  also  as  a  resistance  thermometer  for  measurement  of  vdre  surface  temperature. 
Measurement  of  voltage  drop  across  the  wire  and  current  flow  through  the  wire 
would  establish  both  heat  input  and  resistance.  Changes  in  wire  resistance  could 
be  converted  to  changes  in  wire  teft^erature.  It  was  expected  that  deposit  laydown 
would  cause  an  increase  in  wire  temperature  and  possibly  a-  decrease  in  fuel  tem¬ 
perature,  as  a  result  of-  the  insulating  effect  of  the  deposits,  assuming  operation 
at  constant  heat  input. 


Figure  9  shows  a  "breadboard"  apparatus  assembled  to  evaluate  this 
approach,  using  an  open  fuel  reservoir  (400  ml  glass  beaker).  The  "hot  section" 
consists  of  a  2  l/8  inch  length  of  0,005  inch  diameter  nickel  wire  having  a 
resistance  of  0,4  ohms  at  70  F.  This  wire  is  supplied  with  current  from  a  115  V  - 
12  V  step-down  transformer.  Voltage  drop  is  measured  across  the  wire  and  an 
ammeter  is  placed  in  series  in  the  secondary  circuit  of  the  transformer.  Secondary 
voltage  is  adjusted  by  means  of  a  Variac  placed  in  the  primary  circuit  of  the 
transformer.  Fuel  temperature  is  measured  by  an  iron-constantan  thermocouple 
placed  at  the  center  and  l/4  inch  above  the  heated  wire.’  Ideally  the  operation  of 

this  apparatus  would  consist  of  setting  a  constant  heat  input  (wattage)  and  ob¬ 

serving  changes  in  wire  and  fuel  temperatures  with  time.  Since  a  suitable  watt¬ 
meter  was  not  available  at  the  time  this  work  was  begun  and  since  it  is  difficult 
to  predict  the  necessary  combination  of  voltage  and  amperage  to  maintain  a  fixed 
wattage  by  manual  adjustment  of  the  variac,  it  was  decided  to  operate  at  a  constant 

voltage  drop  across  the  wire  and  simply  accept  the  loss  in  wattage  as  the  resistance 

of  the  wire  increased  with  increasing  temperature.  It  was  thought  that  the  effects 
of  deposit-fouling  would  be  detected  even  in  the  face  of  sli^tly  decreased  heat 
input  with  a  s3'’stem  as  responsive  as  this  —  which  was  subsequently  confirmed. 

Since  these  preliminary  tests  used  an  open  fuel  reservoir,  it  was 
necessary  to  en?)loy  a  fuel  of  sufficiently  low  volatility  to  prevent  excessive 
boiling  a£  the  wire,  loss  of  vapors  etc.  The  fuel  selected  was  an  Air  Force  RTF 
fuel  previously  supplied  to  Phillips  for  use  under  Contract  AF  33(6l6)-5543, 
identified  as  HTF-16  and  described  as  a  paraffinic  li^t  lube  oil.  This  fuel  is 
basicallj'-  high  in  thermal  stability.  In  order  to  provide  variations  in  thermal 
stability  two  blends  were  prepared  using  RTF-lb  as  base  fuel  with  1  per  cent  and 
2  per  cent  (wt.)  ASTM  alpha  methyl  naphthalene  added  as  a  contaminant.  The  base 
fuel  was  expected  to  be  degraded  in  thermal  stability  by  addition  of  the  AMN, 
since  this  has  been  found  to  be  the  case  in  CFR  Fuel  Coker  tests  with  similar 
blends . 
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FIGURE  9 

MooCL  mqt-wire  jet  fuel  thermal  stability  tester 
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Table  III  summarizes  selected  experimental  data  obtained  with  these  fuel 
blends,  and  with  an  aged  West  Coast  kerosine  fuel  as  well.  Figure  10  shovfs  wire 
temperature  and  fuel  temperature  plotted  as  functions  of  time  for  the  HTF-I6  fuel 
with  and  without  the  AMN  Gontamihant.  It  is  shown  that  wire  temperatures  for  both 
of  the  blends  containing  Al®  began  to  rise  sharply  after  about  100  minutes  of 
operation  while  the  base  fuel  itself  leveled  off  in  wire  temperature  at  about 
this  point.  Thus  it  does  appear  that  deposit  insulating  effects  were  sensed  by 
this  technique  --  the  rise  in  temperature  occurring  in  the  proper  order  of  known 
thermal  stability  quality  based  on  amount  of  alphamethylnaphthalene  present.  A 
rating  could  be  based  either  on  wire  temperature  level  at  some  given  time  period 
beyond  120  minutes  or  on  an  ’’induction  period"  principle. 

Fuel  temperatures  appeared  slightly  lower  for  the  two  poorer  fuels  at  the 
end  of 'the  heating  period)  though  this  change  was  probably  too  slight  to  be 
applied  towards  a  fuel  rating. 

As  a  fbllow-up  to  the  tests  described  above  a  fourth  test  was  conducted 
on  a  more  realistic  (and  more  volatile)  fuel,  a  low  thermal  stability  quality  West 
Coast  kerosine.  The  results  of  this  test  are  shown  in  Figure  11.  Again  the  sharp 
rise  in  wire  temperature  with  the  incidence  of  deposition  was  observed.  Oper¬ 
ationally  this  test  was  marginal,  however,  because  of  excessive  boiling  at  the 
wire  surface  and  attempts  to  run  a  similar  test  on  a  known  stable  fuel  of  comparable 
volatility  were  unsuccessful  because  of  persistent  wire  bum  out.  Obviously,  the 
use  of  such  a  technique  for  rating  practical  aviation  turbine  fuels  would  require 
that  the  fuel  be  put  under  sufficient  pressure  to  retard  excessive  boiling  at  test 
temperatures.  It  is  believed,  however,  that  these  tests  have  served  to  demonstrate 
the  feasibility  of  such  an  approach  to  rating  fuel  thermal  stability  quality  and  it 
would  appear,  that  further  efforts  in  this  area  would  be  desirable,  A  revised 
version  of  this  apparatus  has  been  assembled  incorporating  an  enclosed  fuel  reser¬ 
voir  to  permit  operation  under  pressures  Sufficient  to  prevent  local  boiling  at 
the  wire  with  JP-grade  fuels. 

3.  Heat-Induced  Optical  Changes  in  Fuels 

As  previously  pointed  out,  the  application  of  optical  techniques  to 
measurement  of  instability  in  petroleum  fuels  has  received  considerable  attention 
in  the  past  (references  12,  13,  14,  15,  I6  and  17)  and  it  appeared  that  some 
attention  should  be  given  to  such  techniques  in  the  present  assignment.  This 
seemed  particularly  desirable  in  view  of  the  adaptability  of  such  techniques  to 
very  small  sanple  sizes  although  seme  sacrifice  of  realism  would  be  required  in 
the  sense  of  not  actually  concentrating  the  insolubles  or  potential  gum-forming 
materials.  Of  course,  because  of  this  it  is  obvious  that  the  significance  of  such 
techniques  with  respect  to  engine  performance  would  have  to  be  established 
empirically. 
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HEAT  TRANSFER  DATA  OBTAINED  WITH  THE  STATIC  HOT  WIRE  THEFMAL  STABILITY  TESTER 
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During  the  past  quarter  unde*  Contraet  AT  33(6l6)-?241  efforts  werei inaugurated 
to  pursue  the  optical  approach.  Pbr  this  purpose  the  miniature  bomb  shown  in  Figure 
12  was  designed  and  fabricated.  This  c/iindrioal  bomb  is  constructed  entirely  of 
304  stainless  steel  with  threaded  closures  at  each  end  suitably  cut  with  tongues 
and  grooves  to  allow  the  use  of  deformable  aluminum  washers  for  sealing.  A  coaxial 
tubing  duct  has  been  provided  as  a  combined  pressure  tap  and  fuel  thennocoupla  entry. 
Sizing  is  such  as  to  allow  the  use  of  a  5  ml  fuel  sample  with  10  ml  outage  in  the 
main  chamber.  In  use  this  bomb  assembly  is  lowered  into  a  preheated  vertically 
mounted  electrical  tube  furnace  and  the  furanee  tube  is  then  sealed  at  both  ends 
with  asbestos  plugs.  In  this  way  the  bomb  is  heated  primarily  by  the  radiatloiv 
mode.  Suitable  instrumentation  is  provided  for  measurement  of  fuel  and  furnace 
temperatures  and  bomb  pressure.  pre-calibrating  the  furnace  temperature  versus 
fuel  temperature  it  has  been  found  possible  to  repeatably  predict  the  furnace  temp«- 
erature  necessary  to  arrive  at  the  desired  fuel  temperature  in  any  given  time. 

The  heating  procedure  then  simply  amounts  to  preheating  the  furnace  to  the  tempera¬ 
ture  indicated  as  necessary  by  the  calibration  curve  and  lowering  the  fuel  charged 
bomb  into  the  fvirnace  leaving  it  there  for  a  period  of  twenty  minutes,  after  which 
time  the  fuel  will  have  reached  the  desired  temperature.  The  bomb  is  then  raised 
out  of  the  furnace,  cooled  in  an  air  stream  and  the  sample  is  removed  for  rating. 

Preparation  of  the  bomb  prior  to  the  heating  cycle  includes  thorough  brushing 
with  hot  water-detergent  solution  followed  by  rinsing  in  hot  water.  The  bomb  is 
then  rinsed  in  acetone  to  remove  the  water,  brushed,  rinsed  with  acetone  and  air 
dried.  The  tmst  fuel  is  prefiltered  using  0.45  micron  Killipore  filter  paper  and 
aerated.  Following  aeration,  exactly  five  milliliters  of  the  fuel  are  placed  in 
the  bomb  and  the  bomb  is  then  sealed,  pressurized  to  50  psig  with  nitrogen  and  the 
assembly  is  placed  in  position  ready  for  the  heating  cycle.  Nitrogen  pressurization 
has  been  foiand  necessary  to  prevent  excessive  vaporization  at  higher  temperatures. 

In  the  work  carried  on  thus  far  the  heating  period  has  been  arbitrarily  held  constant 
at  20  minutes.  At  the  end  of  the  20  minute  period  the  bomb  assembly  is  removed  from 
the  furance  cooled  in  an  air  stream  and  the  sample  is  removed  for  rating.  Rating 
is  carried  out  first  on  the  raw  heated  sample  as  poured  from  the  bomb  and  then 
re-rated  after  filtering  through  0,45  micron  Millipore  paper.  Thus, some  expression 
of  the  extent  of  formation  of  fi3t  erable  material  as  a  result  of  heating  the  fuel 
is  available  by  comparison  of  the  ratings  before  and  after  filtration. 

Concerning  the  type  of  measurement  to  be  made  on  the  complete  fuel  after  heat¬ 
ing  as  an  index  of  thermal  instability,  the  objectives  of  the  present  assignment 
make  it  desirable  to  minimize  the  need  for  very  specialized  types  of  instrumenta¬ 
tion.  From  this  standpoint  the  use  of  electron  microscopy  or  light  scattering 
appeared  less  desirable  for  application  to  a  semi-standardized  test  for  use  in 
more  than  one  laboratory  than  the  somewhat  more  indirect  types  of  measurement 
represented  by  light  transmission  or  optical  density.  Therefore,  in  the  present 
program  a  Bausch  and  Lomb  "Spectronic  20”  spectrophotometer  was  employed  to  obtain 
measurements  of  the  light  transmittance  of  the  heated  samples  from  the  5  ml  bomb 
at  wavelengths  varying  from  340  to  65O  millimicrons.  This  permitted  the  establish¬ 
ment  of  the  optimum  wavelength  for  best  sensitivity  to  the  heat-induced  changes  in 
the  fuels  by  plotting  transmittance  versus  wavelength  curves.  Based  on  the  work 
of  Professor  Orchin  at  the  University  of  Cincinnati  CI3)  this  was  expected  to  occur 
near  a  wavelength  of  350  millimicrons  and  results  to  be  subsequently  discussed 
will  be  seen  to  have  confirmed  this  expectation. 
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BOMB  MATERIAL-  304  STAINLESS  STEEL 


NOTE  :  DURING  TEST  CYCLE  AN  IRON  -  CONSTANTAN  THERMOCOUPLE 
IS  INSERTED  INTO  BOMB  THROUGH  1/4”  TUBE  VrfITH 
JUNCTION  POSITIONED  3/8”  ABOVE  SURFACE  OF  BOTTOM 

CAP, 


FIGURE  12 

FIVE  MILLILITER  EXTERNALLY  HEATED  JET  FUEL  THERMAL  STABILITY  BOMB 
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The  test  fuels  selected  for  the  preliminary  investigations  using  the  5  nil 
bomb  technique  include  five  of  the  iJP-6  fuels  included  in  the  s  torage  program, 
K26A,  K27A,  K28A,  K29A  and  K30A.  Because  of  the  timing  of  the  start  of  this  work 
it  was  necessary  to  use  these  six  monthe  sealed  storage  (llO  P)  samples,  for  which 
reasonably  current  CFR  Fuel  Coker  ratings  were  available  for  comparison.  Included 
also  were  a  very  stable  Isoparaffinlc  alkylate  of  .^-5  boiling  range,  B*f6l-i^-Bl, 
and  a  minimum  quality  (from  the  thermal  stability  standpoint)  JP»6  fuel  supplied 
to  Phillips  by  General  Electric  Company,  BJ61-10-K1,  This  fuel  is  one  which 
General  Electric  has  found  to  be  marginal  with  respect  to  its  effect  on  heat  ex* 
changer  perfomance  in  tests  conducted  in  full-scale  heat  exchamgers  in  their 
laboratories, 

PiseuSsion  of  test  Results 


The  data  obtained  thus  far  with  the  5  cc  bomb  are  shown  in  Figure  13  through 
26  as  plots  of  per  cent  light  transmittance  (using  ASTM  Grade  isooctane  as  standard) 
versus  wavelength  for  both  the  unfiltered. and  filtered  samples  after  heating  to 
temperatures  ranging  from  300  F  to  550  F  and  in  some  cases  as  high  as  65©  F,  The 
principal  points  brought  out  by  these  figures  are  Cl)  the  generally  consistent  trend 
toward  reduced  transmittance  with  increasing  fuel  temperature,  thus  indicating  the 
desired  sensitivity  to  heating,  and  (2)  the  indication  that  optimum  sensitivity 
seems  to  occur  at  approximately  350  millimicrons  as  suggested  by  the  work  of 
Orchin  (13)«  Additionally,  it  is  important  to  note  that  the  expected  decrease  in 
transmittance  would  hold  true  only  below  375  millimicrons  in  the  case  of  K28A, 
definitely  established  by  CFR  Fuel  Coker  tests  as  the  most  unstable  fuel  in  this 
group.  Thus,  it  appears  that  the  optimum  wavelength  in  terms  of  both  temperature 
sensitivity  and  known  performance  is  350  mlUimicrons  and  for  this  reason  subse¬ 
quent  analyses  of  these  data  have  been  based  on  transmittance  at  this  wavelength. 

Considering  next  the  factor  of  formation  of  filterable  material  in  the  heated 
fuels,  the  reader  is  referred  to  Figure  27  wherein  the  difference  in  transmittance 
before  and  after  filtration  has  been  plotted  against  fuel  temperature.  After  only 
a  cursory  inspection  of  this  plot  it  becomes  apparent  that  the  formation  of  filter¬ 
able  materials  was  largely  random  in  these  tests,  as  indicated  by  light  trans¬ 
mittance,  and  regardless  of  whether  this  randomness  is  due  to  actual  random  formation 
of  these  matiedtdalf^stor  a  manifestation  of  the  vagaries  of  making  the  measurement  in 
this  way,  it  would  appear  that  the  filtration  step  in  the  test  procedure  would 
yield  only  negligibly  useful  results.  However,  it  is  interesting  to  note  frcm  Figure 
27,  that,'  in  general,  the  maximum  amount  of  filterable  material  seemed  to  be 
formed  in  most  of  the  fuels  at  a  temperature  of  about  400  F,  At  lower  t  enperatures 
it  would  appear  that  less  filterable  material  was  formed  and  at  temperatures  above 
400  F  either  less  was  formed  or  the  tenperature  and  nature  of  the  material  formed 
were  such  as  to  allow  the  material  to  redissolve.  This  peaking  of  filterable 
material  is  not  unknown  but  has  been  observed  previously  during  work  conducted  with 
the  CRC  Thermal  Stability  Bomb  (?)  (l6).  At  any  rate  it  would  seem  desirable  in 
the  interest  of  brevity,  to  eliminate  the  post-filtration  step  in  future  testing 
and  to  consider  this  test,  and  tests  of  similar  nature,  as  simply  capable  only  of 
heralding  the  formation  of  deposit  precursors. 

In  order  to  better  consider  the  relative  performance  of  the  several  fuels 
tested  by  the  5  cc  bomb  optical  technique  it  was  considered  desirable  to  plot  their 
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FIGURE  13 

EFFECTS  OF  20  MINUTE  HEATING  CYCLES  IN  THE  5  ML  THERMAL 
STABILITY  BOMB  ON  LIGHT  TRANSMITTANCE  THROUGH  JET  FUELS 
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FIGURE  14 

EFFECTS  OF  20  MINUTE  HEATING  CYCLES  IN  THE  5  ML  THERMAL 
STABILITY  BOMB  ON  LIGHT  TRANSMITTANCE  THROUGH  JET  FUELS 
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FIGURE  15 

EFFECTS  OF  20  MINUTE  HEATING  CYCLES  IN  THE  5  ML  THERMAL 
STABILITY  BOMB  ON  LIGHT  TRANSMITTANCE  THROUGH  JET  FUELS 
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FIGURE  17 

EFFECTS  OF  20  MINUTE  HEATING  CYCLES  IN  THE  5  ML  THERMAL 
STABILITY  BOMB  ON  LIGHT  TRANSMITTANCE  THROUGH  JET  FUELS 
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FIGURE  18 

EFFECTS  OF  20  MINUTE  HEATING  CYCLES  IN  THE  5  ML  THERMAL 
STABILITY  BOMB  ON  LIGHT  TRANSMITTANCE  THROUGH  JET  FUELS 
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FIGURE  19 

EFFECTS  OF  20  MINUTE  HEATING  CYCLES  IN  THE  5  ML  THERMAL 
STABILITY  BOMB  ON  LIGHT  TRANSMITTANCE  THROUGH  JET  FUELS 
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FIGURE  20 

EFFECTS  OF  20  MINUTE  HEATING  CYCLES  IN  THE  5  ML  THERMAL 
STABILITY  BOMB  ON  LIGHT  TRANSMITTANCE  THROUGH  JET  FUELS 
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FIGURE  21 

EFFECTS  OF  20  MINUTE  HEATING  CYCLES  IN  THE  5  ML  THERMAL 
STABILITY  BOMB  ON  LIGHT  TRANSMITTANCE  THROUGH  JET  FUELS 
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FIGURE  22 

EFFECTS  OF  20  MINUTE  HEATING  CYCLES  IN  THE  5  ML  THERMAL 
STABILITY  BOMB  ON  LIGHT  TRANSMITTANCE  THROUGH  JET  FUELS 
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FIGURE  23 

EPPECTS  OF  20  MINUTE  HEATING  CYCLES  IN  THE  5  ML  THERMAL 
gyy^BILITY  BOMB  ON  LIGHT  TRANSMITTANCE  THROUGH  JET  FUELS 
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FIGURE  24 

EFFECTS  OF  20  MINUTE  HEATING  CYCLES  IN  THE  5  ML  THERMAL 
STABILITY  BOMB  ON  LIGHT  TRANSMITTANCE  THROUGH  JET  FUELS 
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FIGURE  26 

of  20  MINUTE  HEATING  CYCLES  IN  THE  5  ML  THERMAL 
®'*'^®^LITY  bomb  on  light  TRANSMITTANCE  THROUGH  JET  FUELS 
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»  LIGHT  TRANSMITTANCE  (ICg-  100} 
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FIGURE  27 

EFFECTS  OF  FILTRATION  THROUGH  0.45  MICRON  MILLIPORE  PAPER  ON 
LIGHT  TRANSMITTANCE  THROUGH  JET  FUELS  AFTER  HEATING  IN  THE  5  ML 

THERMAL  STABILITY  BOMB 
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DIFFERENCE  IN  LIGHT  TRANSM ITTANCE  ®  350 m)l  WAVELENGTH 


light  transniission  (at  350  millitnicMns)  after  heating  versus  the  temperature  to 
which  thejr  were  heated.  Zt  should  be  pointed  out,  however,  that  this  ean  be  lone 
in  two  ways;  (1)  using  the  light  transmittaneo  as  refezh*ed  to  seme  constant  standard 
such  as  isooetane  (used  in  these  tests)  or  (2)  using  the  transmittance  ae  referred 
to  the  original  or  unheated  transmittance  of  each  fuel  (l.e.,  trcu\siQlttaAce  as 
per  cent  of  original  transmittance)*  Usirvg  the  former  method,  as  shovm  in  Figure  26, 
the  fuel  well  established  ae  the  superior  perfomer  in  the  CFR  Fuel  Coker,  BJ60-1^ 
K26A  (Wright  Field  $'60^5),  was  also  fotind  to  be  superior  bj  the  5  cc  bomb^trans- 
mittance  technique  when  plotted  in  this  way.  Similarly,  fuel  BJ60-10»K28A  (Wright 
Field  F60-3)  which  was  the  poorest  performer  in  the  Coker  was  also  poorest  by  the 
light  transmittance  method.  Fuels  BJ60-10»K27A,  K29A  and  K30A  were  observed  to 
be  of  intezThediate  performance,  as  in  the  Fuel  Coker,  and  of  roughly  comparable 
performance  relative  to  each  other.  Although  the  Coker  did  manage  to  Show  some 
separation  of  perfomance  of  K27A,  .K29A  and  K3OA  the  degrOS  was  not  great  and  the 
fact  that  there  is  hot  complete  agreement  in  the  order  of  these  three  fuels 
when  tested  in  the  5  cc  bomb  does  not  seem  to  detract  greatly  from  these  results* 

It  was  considered  of  interest  to  include  in  these  tests  a  JP-6  fuel  obtained  from 
General  Electric  Company  which  has  been  found  to  be  of  marginal  performance  with 
respect  to  full-scale  heat  exchanger  fouling  tests  (based  on  actual  measurements 
of  loss  of  coefficient  of  convective  heat  transfer,  not  visual  rating  methods) 
conducted  in  the  General  Electric  Laboratories,  The  performance  level  of  this 
fuel  by  the  5  cc  bomb-light  transmittance  technique,  shown  also  ift  Figure  28,  seems 
completely  reasonable  in  light  of  the  known  performance  of  the  fuel.  Included  also 
on  this  plot  are  data  obtained  on  a  JP-5  type  isoparaffinic  alkylate  fltel 'of.  well -known 
high  stability.  This  fuel  was  also  used  to  check  out  the  warm-up  characteristics 
of  the  system.  Although  the  alkylate  started  out  (300  F)  With  a  rather  low 
transmittance  as  compared  to  the  stable  JP-6  fuels,  it  changed  .relgttivdly.i  7  ■  j 
little  with  increasing  temperature,  as  would  be  expected  for  a  fuel  of  good 
stability.  The  rather  low  initial  transmittance  observed  for  this  fuel  is  perhaps 
reasonable  for  the  JP-5  volatility  class  fuels.  Thus,  on  the  basis  of  these  raw 
transmittance  plots  the  5  cc  bomb-light  transmittance  method  looks  rather  promising 
in  that  it  is  sensitive  to  temperat\ire  changes  and  also  shows  some  capability  for 
broadly  separating  fuels  in  an  order  comparable  to  that  obtained  by  CFR  Fuel  Coker 
tests, 

A  seemingly  more  logical  way  of  considering  these  data  is  the  second  method 
cited  above  where  the  transmittance  of  the  heated  samples  of  each  fuel  is  referred 
to  the  original  or  unheated  transmittance  of  that  fuel.  This  has  been  done  in 
Figure  29,  a  plot  of  transmittance  as  a  percentage  of.  the  original  versus  fuel 
temperature.  In  other  words,  this  plot  emphasizes  changes  induced  by  heating  by 
normalizing  them  about  the  original  fuel  transmittance..  This  has  the  effect  of 
disregarding  original  transmittance  level  (which  may  or  may  not  be  desirable). 
Considering  Figure  29  it  is  immediately  obvious  that  this  method  of  plotting  the 
data  has  altered  the  position  of  the  K28A  curve  (poorest  fuel  in  the  CFR  Coker) 
relative  to  K27A,  K29A  and  K3OA  making  it  appear  to  be  better  at  temperatures 
above  450  F  than  these  fuels.  The  best  fuel  in  the  Coker,  K26A,  is  again  best 
in  the  5  cc  bomb,  when  plotted  this  way  and  the  alkylate  fuel  only  slightly  less 
stable  than  K26A,  which  seems  to  fit  prior  knowledge  of  the  performance  of  this 
fuel  somewhat  better.  On  this  basis,  too,  K27A  and  K3OA  performed  very  much  the 
same  above  4OO  F  >hiile  K29A  tended  to  appear  slightly  more  stable  between  400  F 
and  500  F.  Above  500  F,  however,  K27A,  K29A,  K3OA  and  K1  were  much  the  same. 
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THESE  FUELS  ALL  5TOREO 
6  MOS.  At  t  10  F 
PRIOR  to  TCStiNG 
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■  Jp-S  type  ISOPAHAFFINIG  alkylate 


9  BJ60-t0~K1  >  GENERAL  ELECTRIC 

MINIMUM  QUALITY  JP»6 


FIGURE  28 

RELATIONSHIP  BETWEEN  TEST  TEMPERATURE  AND  LIGHT  TRANSMITTANCE 
FOR  FUELS  AFTER  HEATING  IN  THE  5  ML  THERMAL  STABILITY  BOMB 
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S6  LIGHT  TRANSMITTANCE®  350  (ICg*  100) 
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THESE  FUELS  StOREO 
6  MOS.  AT  1  1  0  F 
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FUEL  TEMPERATURE,  F 


FIGURE  29 

RELATIONSHIP  BETWEEN  TEST  TEMPERATURE  AND  LIGHT  TRANSMITTANCE  FOR 
FUELS  AFTER  HEATING  IN  THE  5  ML  THERMAL  STABILITY  BOMB 
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%  LIGHT  transmittance 350  (UNHEATED  FUEL"  lOO) 


Actually,  then,  plotting  of  the  light  transmittaince  data  in  terms  of  percentage  of 
original  transmittance  tended  to  yield  curves  showing  sharp  temperature  responses 
but  which  separated  the  fuels  only  into  groups  of  very  stable  fuels  and  marginally 
stable  fuels*  In  general,  the  agreement  vd.th  Fuel  Coker  data  is  poorer  when  the 
data  Is  plotted  in  this  way,  although  this  Is  not  necessarily  a  good  criterion  for 
deciding  >diether  the  technique  is  good  or  bad. 

With  these  light  transiaittanGe  data  available  it  was,  of  course,  of  interest 
to  consider  their  possible  correlation,  or  lack  of  it,  with  CFR  Fuel  Coker  data* 
Inspection  of  the  curves  shown  in  Figures  28  and  29  indicated  that  maxinixia  separa¬ 
tion  of  fuels  occxirred  in  the  range  400  F  to  500  F  in  the  5  *1  bomb  test,  so  the 
data  obtained  at  450  F  fuel  temperature  was  selected  as  offering  the  best  possibll* 
ity  for  correlation  with  Coker  data*  Again,  as  in  Figures  28  and  29,  the  transmit¬ 
tance  data  was  considered  both  in  terms  of  isooctane  as  the  standard  CiCg  =  lOO) 
and  in  terms  of  the  unheated  test  fuel  as  the  standard  (unheated  fuel  “  lOO).  Plots 
of  these  data  versus  CFR  Fuel  Coker  filter  merit  rating  obtained  at  425/525  F  are 
shown  in  Figure  30»  from  which  it  will  be  seen  that  a  more  than  coincidental  rela¬ 
tionship  appears  to  exist  and  this  trend  is  most  definite  wheft  the  data  are  ■ 
considered  on  the  basis  of  the  unheated  test  fuel  as  the  standard* 

While  the  correlation  of  light  transmittance  with  filter  merit  rating  seems 
promising,  the  same  is  not  true  for  correlation  with  Coker  preheater  tube  color 
ratings,  as  may  be  seen  from  Figure  31*  It  is  obvious  upon  inspection  of  this  plot 
that  no  correlation  whatsoever  exists.  Little  more  can  be  said  except  that  this 
may  possibly  be  a  result  of  either  the  insensitivity  of  the  Coker  preheater  rating 
method  or  the  possibility  that  the  optical  technique  predicts  only  precursors  of 
non-adhesive  particulate  matter  formation  while  ignoring  precursors  of  adhesive 
deposits  of  the  tjrpe  causing  preheater  fouling. 

Summarizing  the  information  gathered  thus  far  with  regard  to  the  5  ml  bomb- 
light  transmittance  technique  it  appears  that: 

1,  A  definite  sensitivity  with  respect  to  fuel  temperature  has  been  demon¬ 
strated, 

2,  The  method  is  able  to  separate  fuels  into  categories  of  good,  intermediate 
and  bad.  At  this  stage  of  development  the  method  does  not  appear  able  to 
make  finer  distinctions, 

3,  Correlation  of  light  transmittance  data  with  CFR  Fuel  Coker  filter  merit 
rating  is  promising,  but  no  correlation  was  found  to  exist  with  Coker 
preheater  color  ratings, 

4,  The  technique  is  rapid,  thrifty  of  sample  size  and  requires  only  simple 
equipment.  These  factors  coupled  with  indications  of  promising  data 
make  further  study  and  refinenent  seem  desirable. 
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FIGURE  30 

RELATIONSHIP  BETWEEN  THERMAL  STABILITY  RATINGS  IN  TWO 
TYPES  OF  APPARATUS  USING  JP-5  AND  JP-6  FUELS 
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FIGURE  31 

RELATIONSHIP  BETWEEN  THERMAL  STABILITY  RATINGS  IN  TWO  TYPES  OF 
APPARATUS  USING  JP-5  AND  JP-6  FUELS 


III.  STORAGE  STABIXITY  OP  JP~6  TYPE  JET  FUELS 


At  the  beginning  of  this  project  JP-6  grade  jet  fuels  were  required  by  speci¬ 
fication  to  pass  the  CFR  Fuel  Coker  thermal  stability  teat  at  400-500  7  temperature 
conditione.  It  had  been  observed  at  Wright  Field  that  certain  producte  meeting  the 
JP-6  specification  in  this  respect  when  fresh,  deteriorated  when  stored  for  periods 
of  several  months  in  vented  tanks  before  being  usedi  Objectives  of  the  present 
research  are  to  reproduce  these  thermal  stability  quality  changes  under  controlled 
storage  conditions  and  to  relate  them  by  chesiical  analysis  to  specific  types  of 
fuel  Components  or  contaminants. 

Considerable  past  work  on  jet  fuel  storage  stability  has  been  carried  out  under 
military  sponsorship.  However  much  of  this  work  has  dealt  with  storage  instability 
in  terms  of  increases  in  gum  eontent  instead  of  high  temperature  stability  perform¬ 
ance  in  the  CFR  Coker  apparatus.  The  types  of  jet  fuels  studied  have  been  limited 
to  JP-3,  4  and  5*s,  which  are  required  to  pass  the  CFR  Coker  test  only  at  ^OQ-^QO  F 
temperature  conditions  —  a  much  less  stringent  requiranent  than  must  be  met  by 
JP-6,  Therefore,  storage  instability  manifested  in  JP-6  products  by  poorer  CFR 
Fuel  Coker  performance  at  400-500  F  temperature  conditions  may  involve  different 
types  of  reacting  materials  than  those  responsible  for  thermal  instability  effects 
at  the  milder  conditions  involved  in  the  other  specifications, 

Itvfes  therefore  planned  to  examine  the  changes  under  controlled  storage  condi¬ 
tions  of  a  series  of  JP~6  grade  jet  fuels  selected  to  provide  variations  in 
composition  and  fresh  condition  thermal  stability  ratings,  with  the  following 
specific  objectives s 

1,  To  establish  the  magnitude  of  change  in  CFR  Coker  performance  ratings 
and  related  properties  following  storage  at  110  F  hot  room  conditions 
for  six  months  time  or  more  and  at  ambient  temperatures  for  one  year. 

2,  To  evaluate  the  role  of  oxygen  availability  in  such  thermal  stability 
losses  by  means  of  storage  in  both  sealed  and  vented  containers,  and  with 
selected  antioxidant  fuel  additives, 

3.  To  correlate  the  changes  in  stability  performeince  after  storage  with  fuel 
composition  changes  determined  by  various  chemical  analyses,  to  make 
possible  recommending  preventative  measures, 

4.  To  provide  data  from  vrtiich  an  accelerated  method  cam  be  developed  for  pre¬ 
dicting  fuel  deterioration  in  terms  of  thermal  stability  quality  in 
storage. 

The  present  report  discusses  results  through  only  the  six  months  110  F  hot  room 
phase  of  the  program. 

A.  Test  Program 

A  series  of  five  JP-6  fuel  blends  were  selected  to  provide  variations  in 
geographical  source  and  in  theimal  stability  quality  at  the  start  of  the  controlled 
storage  period.  Two  of  the  fuels  were  furnished  by  WADD  and  the  remaining  three 


53 


were  blended  for  this  project  by  Phillips.  These  fuels  Vere  stored  in  15  gallon, 
uncoated,  steel  drums  at  a  constant  t«raj)epatur»  of  110  F  in  the  hot  room.  With 
each  fuel  four  sepapats  drum  samples  ver*  stored,  two  of  which  were  sealed  under 
a  dry,  nitrogen  atmosphere  while  the  remaining  two  were  vented,  water  saturated 
and  aerated  at  monthly  intervals  throughout  the  storage  period.  Comparisons  between 
the  two  groups,  of ,  samples.;werei  ei{pected.i to  indicate  the  infl-Uence  of  gross  os^geil 
availability  on  deterioration  in  GFR  Fuel  Coker  ratings.  To  explore  the  possibility 
of,  neutralizing  oxygen  effects,  saruples  of  one  of  the  poorer  test  fuels  were  stored 
in  the  preaenee  of  five  different  antioxidant-typs  fuel  additives  in  vented  drums 
only,  to  Allow  unlimited  access  to  oxygen. 

As  to  duration*  six  months  was  the  basic  storage  period  for  the  hot  room 
samples  —  with  the  option  that  if  GFR  Coker  results  with  the  first  IS-gallon  drum 
of  each  fuel  removed  from  the  hot  room  at  this  time  show  no  evidence  of  deteriorat¬ 
ing  quality,  the  second  drum  was  to  be  left  in  for  another  three  months  time. 

In  addition,  small  samples  were  removed  from  the  vented  drums  foV’  sfelOct'ed  chemical 
analyses  at  two  and  four  months  time. 

The  results  of  controlled  constant  ^.temperature  hot  room  storage  are  to  be 
supplemented  by  ambient,  temperat lire  storage  for  one  year's  time,  using  55-galloh 
drums  as  vented  containers  and  15-gallon  drums  as  sealed  containers.  Here  normal 
breathing  due  to ' day-to-day  temperature  variations  is  relied  upon  to  maintain  oxygen 
saturation  of  the  vented  samples,  though  they  wehe  artificially  water  saturated 
and  aerated  when  placed  in  storage. 

The  drums  used  as  storage  containers  were  purchased  new  at  the  start  of  the 
program  and  carefully  rinsed  to  assure  constant  internal  surface  conditions.  The 
possibility  of  corrosion  of  the  drums  during  storage  was  followed  by  comparing 
HiUipore  particulate  contamination  tests  on  the  fresh  and  stored  fuel  samples, 
supplonented  by  analyses  for  soluble  iron  and  copper. 

Four  GFR  Fuel  Goker  tests  were  run  on  each  fuel  when  fresh,  to  establish 
the  base  line  thermal  stability  quality  level  as  accurately' as,  possible.  Duplicate 
tests  were  made  at  the  (then)  specification  temperature  level  of  400-500  F,  while 
the  other  two  tests  were  made  at  425-525  F  and  450-550  F  temperature  conditions 
respectively  to  establish  actual  threshold  failure  levels.  Following  six  months 
storage  at  110  F,  duplicate  tests  were  run  on  each  fuel  at  temperature  conditions 
just  below  the  fresh  condition  threshold  failure  level  using  one  of  the  two  15- 
gallon  storage  samples.  If  these  tests  were  not  greatly  different  in  rating  from 
the  fresh  condition  rating  at  the  same  temperature,  the  second  15-gallon  sample 
was  left  in  storage  for  an  additional  three  months  time.  If  the  first  two  tests 
showed  appreciably  poorer  ratings  however,  the  second  15-gallon  san^jle  was  removed 
from  storage  and  two  additional  tests  were  run  at  temperat\ires  chosen  to  define 
a  new  threshold  failure  level  following  storage  —  providing  three  point  tempera- 
ture-versus-CFR  Coker  rating  curves  for  comparison  against  the  fresh  condition 
curves  so  as  to  put  the  final  judgement  as  to  whether  the  fuels  had  deteriorated 
in  thermal  stability  during  storage  on  as  fim  a  basis  as  possible.  All  GFR 
Fuel  Coker  tests  were  run  under  couplet ely  standard  conditions,  (D  1660-59T), 
except  that  a  filter  by-passing  system  was  employed  whenever  a  hP  of  25  inches 
Hg  was  reached,  so  as  to  place  all  preheater  ratings  on  a  five  hotir  basis,  A 
single  operator  and  test  apparatus  were  employed  for  every  GFR  Fuel  Coker  test 


54 


carried  out  as  a  part  of  this  program,  to  minimize  operator  and  equipment  variables 
affecting  test  repeatability, 

A  wide  variety  of  ohemlcal  analyse#  were  made  on  these  fuels,  for  comparison 
vfith  the  present  fuel  specification  and  to  estahlich  baseline  characteristics 
against  which  to  compare  changes  in  thermal  stability  quality  after  storage*  Many 
of  these  analyses  were  repeated  periodically  as  the  storage  period  progressed  in 
an  attempt  to  follow  chemical  changes  taking  place  which  might  be  responsible  for 
GFTi  Coker  performance  changes. 


Table  IV  sunmarizeS  pertinent  features  regarding  the  storage  variables,  yhile 
Table  V  lists  the  various  chemical  analyses  and  other  test  work  done  before  and 
after  storage. 

The  drum  coating  material  mentioned  in  Table  IV  (EC776SR)  is  used  for  sealing 
wing  tar^s  in  certain  military  aircraft,  and  was  included  in  the  present  program  to 
indicate  whether  any  effects  on  fuel  thermal  stability  performance  might  be  expected 
due  to  exposure  to  such  materials  in  the  aircraft. 


The  chemical  analysis  schedule  outlined  In  Table  V  was  the  product  of  discuss¬ 
ions  with  Phillips  Analysis  Branch  and  Wright  Field  representatives  to  begin  with, 
and  has  been  liberally  revised  and  supplemented  as  the  storage  period  progressed, 
to  provide  a  broad  background  of  supporting  information  about  these  storage  fuels 
against  vdiich  to  compare  their  relative  tendencies  to  deteriorate  in  thermal  stabil¬ 
ity  rating  after  storage.  Considerable  attention  was  given  to  trace  non-hydrocarbon 
constituents  of  these  fuels,  both  organic  and  inorganic,  in  the  selection  of  the 
analyses  to  be  made.  Note  that  a  number  of  these  analyses  were  made  both  before 
and  after  the  fuels  had  been  subjected  to  CFR  Fuel  Coker  testing,  in  an  attempt  to 
indicate  which  fuel  constituents  disappeared  in  the  course  of  making  the  deposits. 

This  program  was  planned  around  JP-6  test  fuels  with  themal  stability  in 
the  fresh  state  ranging  from  good  to  intermediate  to  marginal.  Two  of  the  fuels 
were  supplied  by  Wright  Field  and  turned  out  to  be  quite  good  in  thermal  stability 
performance.  Therefore  the  other  three  fuels  were  blended  by  Phillips  to  fall 
more-or-less  in  the  intermediate  and  marginal  thermal,  stability  categories  (con¬ 
sidered  in  terms  of  threshold  failui’e  temperature  level).  To  provide  variations 
in  refinery  stocks,  the  fuels  were  blended  using  Midcontinent,  Gulf  Coast  and 
West  Texas  kerosines  respectively  as  major  components.  A  290-390  F  alkylate  and 
a  35O-55O  F  alkylate  were  used  as  blending  components  in  upgrading  all  three 
of  these  kerosines  to  meet  JP-6  distillation  and  thermal  stability  requirements. 

The  alkylate  components  in  these  blends  also  improved  freezing  characteristics  — 
however,  it  was  found  that  the  proportions  of  total  alkylate  in  all  three  kerosines 
resulting  in  the  desired  thermal  stability  perfoimance  were  insufficient  to 
produce  freeze  points  quite  meeting  JP-6  limits  (-65  F)  so  this  was  sacrificed  in 
order  to  maintain  thermal  stability  at  the  intermediate  to  marginal  quality  level 
for  the  purposes  of  the  present  program.  Final  compositions  of  the  test  fuels 
as  stored  are  given  in  Table  VI.  It  was  necessary  to  blend  the  West  Texas  fuel 
in  two  batches  because  of  blending  tank  size  limitations.  These  batches 
differed  significantly  in  thermal  stability  ratings.  The  cause  for  this  is 
believed  due  to  differences  in  trace  constituents  among  the  individual  drums  of 
the  kerosine  used.  Therefore  these  two  batches  were  treated  as  separate  fuels 
from  this  point  on.  The  batch  with  the  poorer  rating  (K5OO)  was  chosen  for  the 
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TABLE  IV 


OUTLINE  OF  PROGRAM  TO  STUDY  EFFECTS  OF 
STORAGE  ON  JF>-6  JET  FUEL  THEBMAL  ST^ILITY 


I.  Procedures 

A.  Storage  Cohditloris  -  6  and  9  months  in  110  F  Hot  Room,  one  year 
at  ambient  tenperatures, 

B.  Both  vented  and  sealed  containers  used  for  base  fuels  -  vented  only 
for  antioxidant  blends, 

C.  All  Vented  samples  saturated  with  both  air  and  water  at  start  of 
program  -  hot  room  vented  samples  only  aerated  at  monthly  intervals 
thereafter, 

D»  Sealed  samples  stored  dry  under  nitrogen, 

E,  8  one-pint  samples  of  each  fresh  fuel  stored  under  nitrogen  at  30-40  F 
for  use  in  supplementary  chemical  analysis  work  after  storage* 

F,  Individual  storage  samples  13  l/2  gallons  in  size  at  all  but  vented 
ambient  temperature  conditions,  vdiich  are  45  gallons, 

G,  New,  uncoated,  19  gauge  steel  drums,  15  and  55  gallon  sizes,  used 
as  sample  containers, 

H,  All  drums  stored  upright  with  about  20  per  cent  outage, 

I,  Vents  assembled  from  mild  steel  pipe  fittings, 

J,  One  fuel  stored  additionally  in  vented  drums  coated  with  MMM-EC776SR, 

K,  Test  fuels  selected  to  vary  in  "fresh"  themal  stability  quality  and 
in  composition. 
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additive  evaluation  "Work  and  the  other  was  stored  individually. 

The  fire  antioxidant  adciltives  being  investigated  have  been  chosen  by 
ment  with  Wright  Held,  and  axe  ell  commercially  available  materials.  Actual 
concentrations  of  each  additive  vere  established  by  running  concentration  versus 
cm  Fuel  Cok-er  rating  curves  {see  Figure  32),  with  the.  idea  of  picking  a  concentra¬ 
tion  improving  CFH  Coker  performance  of  the  fresh  fuel  and  high  enough  to  offer 
promise  of  coping  vd.th  oxygen  taken  up  by  the  fuels  during  storage.  All  five 
additives  improved  the  filter  plugging  performance  of  this  fuel  to  the  passing 
level.  However  with  the  mixed  Ci2*“Cl4  tert-alkyl  primary  amines  preheater  depoaits 
were  not  improved  and  in  fact  appeared  to  beccane  worse  with  the  higher  concentra-# 
tions  --  thus  the  lowest  concentration  tried  with  this  additive  was  used  in 
storage  samples, 

A  very  useful  reference  aiding  the  selection  of  additives  to  be  employed 
in  this  program  was  a  paper  presented  by  Shell  Development  at  the  Fifth  World 
Petroleum  Congress  (20), 

It  was  desired  that  each  base  fuel  be  reduced  to  initially  low  water  contents 
and  be  made  as  homogeneous  as  possible  from  drum  to  drum.  The  system  shown  in 
Figure  33  was  employed  for  this  purpose,  with  all  the  drums  for  each  test  fuel 
connected  in  a  closed  circuit  and  the  fuel  recirculated  for  6  hours  time  at  a  rate 
of  one  gallon  per  minute.  Uniform  dryness  was  achieved  by  including  in  the  circuit 
a  two-inch  diameter  iron  pipe  two  feet  long  packed  with  Linde  4A  Type  Molecular 
Sieve,  followed  by  two  five-mictohi'PuTQlator  filters  to  prevent  contamination  by 
molecular 'Sieve  "fines"  and  to  pick  up  other  solids  present  in  the  fuels  after 
blending. 

B,  Characteristics  of  Test  Fuels  Before  and  After  Storage 

1.  Thermal  Stability  Performance 

Results  of  all  thermal  stability  tests  on  the  five  non-additive  JP-6  storage 
fuels  are  listed  in  Table  VII'  and  are  shown  plotted  against  test  temperature  in 
Figures  34-3B.  Considering  first  the  fresh  condition  ratings  of  these  fuels,  it 
is  shown  that  a  range  in  quality  was  represented  based  on  the  JP-6  specification 
allowable  limits  of  10  inches  of  Hg  maximum  in  filter  pressure  drop  and  a  "3” 
maxim\im  in  preheater  deposit  color  rating  at  400-500  F  temperature  conditions. 

Two  of  the  fuels  (K29  and  30)  were  borderline  in  quality  by  these  criteria,  one 
(K28)  easily  passed  at  400-500  F  but  failed  at  425-525  F  temperature  conditions, 
while  the  remaining  two  fuels  (K26  and  2?)  easily  passed  both  at  400-500  F  and 
425-525  F. 

As  to  the  effects  of  26  weeks  aging  at  110  F,  there  was  no  particular  re¬ 
lationship  shown  between  the  fresh  condition  CFR  Fuel  Coker  ratings  of  these  fuels 
and  their  relative  tendencies  to  deteriorate  in  this  respect  during  storage.  Of 
the  two  fuels  best  in  rating  to  begin  with,  sample  K26  showed  no  change  in 
performance  during  storage  while  sample  K27  deteriorated  significantly,  particu¬ 
larly  in  terms  of  filter  plugging.  Since  fuel  K27  was  inadvertently  contaminated 
with  Linde  4A  molecular  sieve  fines  when  preparing  it  for  storage,  an  extra  test 
was  carried  out  in  which  the  normal  prefiltration  procedure  with  3.0  micron 
Whatman  paper  was  followed  up  by  two  passes  through  0,45  micron  Millipore  filter 
paper  —  to  determine  whether  any  of  the  molecular  sieve  material  might  not 
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TABLE  VII 


THEHUAL  STABILITY  OF  JP»6  NONADDITIVS  TEST  FIELS 


Tube  Ratlnga _  Fi  It  eJP 


ihiel  -Identification 
,  ,BJ60.10- 

Test . Temoerature 
Preheater  Filter 

■  Q 

1 

2 

Jl. 

JL. 

Max, 

Ratina 

Kertt 

Ratine 

to  25" 
lift  68  . 

K2ii-WADD  (P-60-5) 

400 

500 

7 

6 

0 

0 

0 

_ 

1 

87 

>300 

Before  Storage 

400 

500 

8 

3 

2 

0 

G 

- 

- 

2 

82 

>300 

425 

525 

3 

3 

7 

0 

0 

- 

- 

2 

99 

>300 

450 

550 

6 

1 

2 

2 

2 

- 

4 

99 

>300 

After  26  wks.  Sealed 

425 

525 

6 

3 

4 

0 

0 

0 

0 

0 

2 

99 

>300 

Storage  at  110  F 

425 

525 

8 

3  . 

2 

0 

0 

0 

0 

0 

2 

99 

>300 

After  26  wks.  Vented 

425 

525 

8 

3 

2 

0 

0 

0 

0 

0 

2 

99 

>300 

Storage  at  110  F 

425 

525 

5 

6 

2 

0 

0 

0 

0 

0 

2 

99 

>300 

1(27-WADD  (P-6Ct.3) 

400 

500 

13 

0 

0 

0 

0 

0 

77 

>300  . 

Before  Storage 

400 

500 

11 

2 

0 

0 

0 

4. 

4. 

- 

I 

78 

>300 

425 

525 

9 

4 

0 

0 

0 

- 

- 

1 

65 

>300 

450 

550 

a 

1 

0 

0 

4 

4. 

- 

_ 

4 

69 

>300 

450 

■  550 

8 

0 

0 

0 

5 

- 

- 

4 

56 

>300 

After  26  wks.  Sealed 

400 

500 

9 

4 

0 

0 

0 

0 

0 

0 

1 

67 

>300 

Storage  at  110  F 

425 

525 

8 

2 

3 

0 

0 

.  0 

0 

0 

2 

47 

241 

425 

525 

6 

6 

1 

0 

0 

0 

0 

0 

2 

48 

258 

450 

550 

9 

0 

1 

0 

2 

1 

0 

0 

4 

43 

170 

After  26  wks.  Vented 

400 

500 

8 

5 

0 

0 

0 

0 

0 

0  ■ 

1 

54 

>300 

Storage  at  110  F 

425 

525 

9 

1 

1 

2 

0 

0 

0 

0 

3 

39 

135 

425 

525 

8 

4 

1 

0 

0 

0 

0 

0 

2 

48 

260 

425* 

525 

9 

3 

1 

0 

0 

0 

0 

0 

2 

48 

250 

450 

550 

9 

0 

0 

0 

1 

1 

2 

0 

4 

41 

151 

K28-4'*ld,Cont,  Kero,+ 

400 

500 

8 

5 

0 

0 

0 

* 

1 

81 

>300 

Alkylate 

400 

500 

9 

4 

0 

0 

0 

. 

_ 

1 

76 

>300 

Before  Storage 

425 

525 

6 

2 

0 

1 

2 

. 

4 

75 

>300 

450 

550 

9 

0 

1 

6 

3 

- 

- 

- 

4 

66 

>300 

After  26  wks.  Sealed 

400 

500 

7 

2 

2 

1 

1 

0 

0 

0 

4 

57 

>300 

Storage  at  110  F 

400 

500 

8 

0 

3 

1 

1 

0 

0 

0 

4 

50 

298 

425 

525 

6 

1 

1 

0 

2 

1 

2 

0 

6 

42 

167 

450 

550 

5 

0 

1 

1 

1 

0 

2 

3 

7 

40 

141 

After  26  wks.  Vented 

400 

500 

8 

2 

1 

2 

0 

0 

0 

0 

3 

60 

>300 

Storage  at  110  F 

400 

500 

9 

1 

2 

1 

0 

0 

0 

0 

3 

48 

258 

425 

525 

6 

1 

1 

0 

2 

3 

0 

0 

5 

43 

173 

450 

550 

6 

2 

0 

0 

1 

1 

3 

0 

6 

42 

•  166 

K29-Gulf  Coast  Kero, 

400 

500 

10 

0 

3 

0 

0 

_ 

2 

54 

>300 

♦  Alkylate 

400 

500 

9 

2 

2 

0 

0 

- 

- 

2 

56 

>300 

Before  Storage 

425 

525 

9 

0 

0 

1 

3 

- 

- 

- 

4 

47 

2A0 

450 

550 

7 

0 

0 

1 

5 

- 

- 

- 

4 

44 

195 

After  26  wks.  Sealed 

400 

500 

8 

2 

3 

0 

0 

0 

0 

.0 

2 

49 

273 

Storage  at  110  F 

400 

500 

7 

1 

3 

0 

2 

0 

0 

0 

4. 

45 

20U 

425 

525 

8 

2 

2 

0 

0 

1 

0 

0 

5 

39 

131 

450 

550 

6 

0 

1 

0 

0 

2 

2 

0 

6 

36 

108 

After  26  >dcs.  Vented 

375 

475 

9 

4 

0 

0 

0 

0 

0 

0 

1 

48 

266 

Storage  at  110  F 

400 

500 

8 

0 

4 

1 

0 

0 

0 

0 

3 

46 

221 

400 

500 

6 

1 

2 

1 

3 

0 

0 

0 

4 

44 

186 

425 

525 

3 

4 

2 

0 

2 

2 

0 

0 

5 

41 

150 

450 

550 

3 

4 

1 

0 

0 

2 

3 

0 

6 

35 

97 

K30-West  Texas  Kero, 

400 

500 

8 

3 

2 

0 

0 

_ 

_ 

2 

57 

>300 

+  Alkylate 

400 

500 

5 

6 

2 

0 

0 

-  . 

- 

- 

2 

66 

>300 

Before  Storage 

425 

525 

7 

0 

1 

2 

3 

- 

4 

51 

>300 

450 

550 

7 

0 

1 

1 

4 

- 

- 

- 

4 

49 

270 

After  26  wks.  Sealed 

400 

500 

7 

5 

1 

0 

0 

0 

0 

0 

2 

50 

292 

Storage  at  110  F 

400 

500 

9 

0 

4 

0 

0 

0 

0 

0 

2 

48 

252 

400» 

500 

7 

5 

1 

0 

0 

0 

0 

0 

2 

62 

>300 

425 

525 

8 

2 

2 

1 

0 

0 

0 

0 

3 

54 

>300 

450 

550 

7 

2 

1 

1 

2 

0 

0 

0 

4 

54 

>300 

After  26  wks.  Vented 

400 

500 

11 

2 

0 

0 

0 

0 

0 

0 

1 

59 

>300 

Storage  at  110  F 

400 

500 

9 

2 

2- 

0 

0 

0 

0 

0 

2 

48 

266 

♦After  filtering  through  #2  Vfiiatman  and  twice  through  millipore  paper. 


in  Hg 
to  300 
Mijiutgs_- 

,0? 

,15 
.03 
•  01 

.00 

.00 

.00 

.00 

.32 

.30 

2,18 

1.12 

9.65 

1.53 

'-as 

>25 

->25 

14.13 

>25 

>25 

>25 

>25 

•0.17 

0.42 

0.49 

1.98 

8.37 

>25 

>25 

>25 

4.92 

>25 

>25 

>25 

13.3 

9.97 

>25 

>25 

>25 

>25 

>25 

>25 

>•^5 

>25 

>25 

>25 

>25 

8.80 

1.85 

21.00 

>25 

>25 

>25 

3.C.8 

13.32 

12.0? 

5.65 

>25 
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FUEI.  TEMPERATURE- PREHEATER  OUTLET,  F 


FIGURE  34 

EFFECTS  OF  26  WEEKS  STORAGE  AT  110  F  ON  CFR  FUEL  COKER  RATINGS 
AT  VARIOUS  TEMPERATURES  FOR  A  JP-  6  JET  FUEL 


I  RATI 


AP  AT  300  MINUTES  IN.  HG  g  MINUTES  TO  APOF25IN.  HG  PREHEATER  TUBE  RATING 


FRESH 


SEALED 


VENTEO 


FUEL  TEMPERATURE— PREHEATER  OUTLET,  F 


FIGURE  36 

EFFECTS  OF  26  WEEKS  STORAGE  AT  IlOF  ON  CFR  FUEL  COKER  RATINGS 
AT  VARIOUS  TEMPERATURES  FOR  A  JP-6  JET  FUEL 
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AP  AT  300  MINUTES  IN*  HG  g  MINUTES  TO  AP  OF  25  IN.  HG  PREHEATER  TUBE  RATING 


FIGURE  37 

EFFECTS  OF  26  WEEKS  STORAGE  AT  110  F  ON  CFR  FUEL  COKER  RATINGS 
AT  VARIOUS  TEMPERATURES  FOR  A  JP-6  JET  FUEL 
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have  been  removed  by  the  normal  prefiltration  and  thus  have  caused  filter  pltuggiftg 
in  the  Coker  tests  vd.th  the  after-storage  samples.  Figure  34  shows  that  thle  was 
not  the  case,  the  test  with  0.45  micron  prefiltration  agreeing  closely  with  the 
two  tests  at  425-525  F  using  normal  prefiltration.  Thus  the  indicated  deterioration 
in  CFfl,  Fuel  Coker  performance  for  this  fuel  is  believed  due  to  chemical  alteration 
in  composition,  rather  than  contamination  by  solids r. 

Figure  36  shows  that  fuel  K28,  which  ranked  Intermediate  in  thermal  stability 
quality  when  fresh,  deteriorated  badly  in  this  respect  during  storage  in  terms  Of 
both  filter  plugging  and  preheater  rating.  Hydrotreating  one  of  the  after-storage 
samples  of  this  fuel  under  conditions  effective  for  the  removal  of  sulfur,  basic 
nitrogen  and  naphthalene  nucleus  aromatic  compounds  did  not  restore  the  thermal 
stability  rating  of  this  fuel  to  the  original  (fresh  condition)  level. 

Considering  the  two  fuels  which  were  borderline  in  quality  when  fresh. 

Figure  37  shows  that  fuel  K29  also  deteriorated  significantly  In  CFR  Fuel  Coker 
rating  during  storage,  in  terms  of  both  filter  plugging  and  preheater  deposit 
rating,  and  was  helped  no  more  by  hydrotreating  than  was  fuel  K28,  Storage  of 
extra  samples  of  this  fuel  in  drums  lined  with  MMM-EC776SR  top  coating  also  showed 
deterioration,  but  not  believed  significantly  greatpr  than  observed  in  the  uncoated 
containers.  Fuel  K30  however  (Figure  38),  also  borderline  in  quality  to  start  with, 
showed  evidence  of  storage  deterioration  with  only  one  of  the  storage  drums  and  then 
only  in  terms  of  the  filter  plugging  phase  of  the  CFR  Fuel  Coker  test.  This  effect 
was  traced  to  a  rise  in  solids  contamination,'  by  means  of  an  extra  test  employing 
prefiltration  through  both  3.0  micron  and  0,45  micron  filter  paper  ■vrtiich  produced 
a  rating  comparable  to  the  fresh  sample.  Thus  the  second  vented  drum  sample  of  this 
fuel  was  left  in  storage  for  an  additional  three  months  —  the  overall  thermal 
stability  level  of  this  sample  in  the  absence  of  solids  contamination  n6t  being 
significantly  poorer  than  when  fresh. 

Note  that  the  relative  effects  of  vented  versus  sealed-under-nitrogen 
storage  were  nil  -  implying  that,  if  the  chemical  mechanism  causing  the  deteriora¬ 
tion  in  thermal  stability  rating  of  fuels  K27,  28,  29  is  oxidative  in  nature,  the 
small  amounts  of  oxygen  dissolved  in  the  fuels  to  begin  with  more  than  suffice  for 
the  oxygen-consuming  reactions  leading  to  these  effects. 

The  effects  of  storage  on  the  antioxidant  additive  blends  is  shown  by  the 
CFR  Fuel  Coker  ratings  listed  completely  in  Table  Vlllaandnih-  the  -'form  of  bargraphs 
at  4OO-5OO  F  temperature  condition  only  in  Figure  38.  First  of  all  the  change  in 
rating  for  the  base  fuel  alone  after  26  weeks  at  110  F  was  not  quite  enough  to  allow 
saying  with  assurance  that  it  had  deteriorated  —  preheater  deposit  ratings  averaged 
about  the  same  as  when  fresh  while  the  filter  plugging  results  were  somewhat  poorer. 
Therefore  the  second  drum  of  this  material  was  left  in  storage  for  an  additional 
three  month  period.  It  might  be  mentioned  that  this  fuel  was  not  tested  at  tanp- 
eratures  above  400-500  F  when  fresh,  since  it  was  already  "failing"  in  terms  of 
the  JP-6  specification  at  this  level. 

All  of  the  additives  were  blended  in  this  base  fuel  to  concentrations  at 
which  at  least  a  borderline  "pass"  was  approached  in  the  fresh  state,  though  with 
the  mixed  Cq2~Ci4  tertiary  alkyl  primary  amines  this  was  possible  only  in  terms 
of  filter  plugging.  As  to  storage  effects,  ^lend  K35  with  0,10  wt.per  cent 
4,4'  methylene  bis(2, 6-ditertiary  butyl  phenol)  as  the  additive  appeared  unchanged 
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TOEmAL-STABH^yY  BASj  FUA  .COMTyMItK  ANyjOiiDAiff  ADC^Tim 


Fuel  Idenii 

BJ60^10-  . 

.Test.  Teaberatura- 
Preheater  Filter 

JL 

1 

.2 

..  .Tube  jiatinse . 

^  .i.  ^ 

Ju. 

Max. 

Itetlhn 

4 

flltW 

Merit 

Rating 

42 

Kinutes 
to  2}* 

H*  Af,  . 

tf  int.  Hg 
rt  300 

K50G-BaaB* 

400 

500 

3 

2 

3 

0  ■ 

6 

160 

>25 

Before  Storage 

400 

500 

8 

3 

.  1 

1 

0 

- 

• 

3 

48 

257 

>25 

400 

500 

8 

1 

1 

2 

1 

* 

- 

- 

4 

45 

197 

>25 

After  26  iRks.  Vented 

400 

500 

4 

1 

5 

3 

0 

0 

0 

0 

3 

35 

96 

>25 

Storage  at  110  t 

400 

500 

4 

2 

4 

3 

0 

0 

0 

0 

3 

33 

86 

>25 

K31-Baae  ♦  0.05  wt.  %  (l) 

400 

500 

9 

4 

0 

0 

0 

1 

55 

>30D 

10.60 

Before  Storage 

400 

500 

7 

3 

3 

0 

0 

- 

2 

47 

240 

>25 

450 

550 

7 

0 

3 

0 

3 

- 

- 

- 

4 

45 

202 

>25 

After  26  ^8.  Vented 

400 

500 

3 

5 

5 

0 

0 

0 

0 

0 

2 

47 

245 

>25 

Storage  at  110  P 

400 

500 

4 

5 

3 

1 

0 

0 

0 

0 

3 

47 

241. 

>25 

K32-Ba8«  +  0.01  wt.  t  (2) 

400 

500 

1 

3 

4 

1 

4 

0 

0 

0 

4 

99 

>300 

0.02 

Before  Storage 

400 

500 

5 

3 

0 

0 

2 

1 

2 

■  0 

6 

99. 

>300 

0.01 

After  26  vdc8«  Vented 

375 

475 

8 

1 

0 

0 

2 

0 

1 

1 

7 

86 

>300 

0,08. 

Storage  at  nO  F 

375 

475 

8 

1 

0 

0 

2 

0 

1 

1 

7 

81 

>300 

0,18. 

400 

500 

7 

1 

0 

0 

0 

0 

0 

5 

7 

26 

54 

>25 

400 

500 

7 

1 

0 

0 

0 

0 

0 

5 

7 

29 

66 

>25 

K3J-B48*  +  0.01  wt.  %  (3) 

400 

■  500 

7 

3 

3 

0 

0 

0 

0 

0 

2 

58 

>300 

7.04 

Before  Storage 

400 

500 

4 

1 

3 

2 

3 

0 

0 

0 

4 

56 

>300 

10.15 

450 

550 

3 

2 

.0 

3 

5 

0 

0 

0 

4 

47 

237 

>25 

After  26  >dc8.  Vented 

400 

500 

3 

1 

5 

4 

0 

0 

0 

0 

3 

55 

>300 

10.10 

Storage  at  110  F 

400 

500 

3 

4 

5 

1 

0 

0 

0 

0 

3 

48 

252 

>25 

K34-B»8e  +  0.05  wt.  i  (1) 

400 

500 

4 

1 

8 

0 

0 

0 

0 

0 

2 

75 

>300 

0.47 

Before  Storage 

400 

500 

3 

2 

8 

0 

0 

0 

0 

0 

2 

77 

>300 

0.35 

450 

550 

2 

2 

2 

5 

2 

0 

0 

0 

4 

38 

122 

>25 

After  26  wka.  Vented 

375 

475 

0 

5 

5 

3 

0 

0 

0 

0 

3 

72 

>300 

0.80 

Storage  at  110  F 

400 

500 

0 

3 

5 

3 

2 

0 

0 

0 

4 

55 

>300 

12,00 

400 

500 

3 

1 

5 

4 

0 

0 

0 

0 

3 

47 

245 

>25 

425 

525 

1 

0 

6 

3 

3 

0 

0 

0 

4 

36 

101 

>25 

K35-Bas«  ♦  0.10  wt.jC  (5) 

400 

500 

4 

8 

1 

0 

0 

0 

0 

0 

2 

53 

>300 

14.85 

Before  Storage 

400 

500 

3 

6 

4 

0 

0 

0 

0 

0 

2 

54 

>300 

12.88 

450 

550 

2 

1 

1 

4 

4 

1 

0 

0 

5 

33 

87 

>25 

After  26  ides.  Vented 

400 

500 

5 

0 

6 

2 

0 

0 

0 

0 

3 

61 

>300 

2.17 

Storage  at  110  F 

400 

500 

3 

4 

6 

0 

0 

0 

0 

0 

2 

54 

>300 

12.32 

K53HC29^^^  Stored  in  drums 

375 

475 

9 

0 

3 

1 

0 

0 

0 

0 

3 

58 

>300 

7.40 

coated  inside  vlth  EC776SR 

400 

500 

0 

7 

2 

1 

1 

2 

0 

0 

5 

39 

133 

>25 

for  26  wka,  at  110  F 

400 

500 

6 

1 

1 

2 

2 

1 

0 

0 

5 

37. 

112 

>25 

425 

525 

7 

1 

1 

0 

2 

1 

1 

0 

6 

37 

m 

>25 

*CQapo8ition:  Gulf  Coast  Kerosine  ^  Alkjlata 

(1)  2,6-dl-tert-butyl-A-««thyi  f^enol 

(2)  Mixed  tertiary  alkyl  primary  amines* 

(3)  Experimental  hindered  phenol* 

(4)  2-2,  oethylene-bi8-^-«ethyl-6-tertiary  butyl  phenol) 

(5)  A»4*  methylene-bi8-(2,6-di-tert-butyl  phenol) 

(6)  Gulf  Coast  kerosine  ♦  alkylate 
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TEST  CONDITIONS  !  400  F/  500  F/ 6  PPH 
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FIGURE  39 

CFR  FUEL  COKER  RATINGS  OF  A  BASE  FUEL  CONTAINING  ANTIOXIDANT  ADDITIVES 


in  thermal  stability  quality  after  26  w'eeks  at  110  F.  Blend  K31  with  O.O5  weight 
per  cent  2, 6-dit.ertiary  butyl  4-*methyl  phenol  showed  some  change  in  the  negative 
direction  at  this  time  but  not  enough  to  be  considered  conclusive,  as  was  also  the 
case  with  blend  K33  with  O^Ol  weight  per  cent  of  an  experimental  commercial  hindered 
phenol  type  additive.  The  second  drum  samples  of  these  three  additive  blends  were 
therefore  retained  in  storage  for  further  comparison  with  the  base  fuel  after  an 
additional  three  months  time. 

However,  blend  K32  with  0.01  weight  per  cent  C-j  tertiary  alkyl  primary 

amines  showed  by  far  the  most  striking  negative  change  in  performance  after  storage 
of  any  test  fuel  in  this  program,  in  terms  of  both  filter  plugging  and  preheater  ' 
deposit  color  rating  --  apparently  denoting  oxidative  deterioration  of  the  additive 
itself.  Blend  K34  with  0,05  weight. per  cent  2,2'  methylene  bis(4-methyl-6-tertiary 
butyl  phenol),  the  highest  ranking  of  the  blends  when  fresh,  also  showed  definite 
deterioration  in  this  respect  though' still  ranking  superior  to  the  base  fuel  after 
storage.  Therefore  the  second  drum  samples  of  the  latter  two  blends  Were  removed 
from  storage  for  CFR  Fuel  Coker  testing  at  other  temperature  conditions,  to  reinforce 
these  indications  of  deterioration. 

2.  Chemical  and  Physical  Properties 

The  results  of  the  extensive  chemical  analyses  and  physical  inspection  test 
work  performed  on  the  JP-6  storage  samples  are  listed  in  Table  K  for  the  non-addi¬ 
tive-containing  fuels  both  fresh  and  after  26  weeks  storage  at  110  F.  First  of 
all,  it  is  shown  that  these  fuels  all  are  very  low  in  non-hydrocarbon  constituents 
such  as  sulfur  and  nitrogen  compounds,  suggesting  that  the  reduction  of  such 
impurities  to  very  low  levels  is  a  byproduct  of  the  JP-6  specification  requirement 
for  400  F-plus  thermal  stability  performance.  Considering  two  specific  types  of 
sulfur  and  nitrogen  compounds  which  have  often  been  associated  with  temperature 
instability  effects  in  past  work  with  other  types  of  jet  fuel,  pyrrole  nitrogen 
level  was  foxmd  to  be  less  than  0.4  ppm  in  all  five  test  fuels  while  thiophenol 
sulfur  was  less  than  0.001  weight  per  cent  as  indicated  by  mercaptan  sulfur  analyses 
(part-per-million  level  mercaptan  analyses  are  in  progress). 

In  all  but  one  of  these  fuels  existent  and  potential  gum  ratings  were 
essentially  nil,  while  with  the  fifth  (K26)  fuel,  indications  of  borderline  gum 
values  were  traced  to  the  presence  of  a  hea'vy  oily  contaminant  soluble  in  normal 
heptane  and  apparently  harness  from  the  thermal  stability  standpoint.  In  no 
case  were  the  effects  of  storage  manifested  by  a  rise  in  gum  content  matching  the 
changes  in  CFR  Fuel  Coker  rating  discussed  earlier. 

As  to  the  effects  of  the  CFR  Fuel  Coker  test  itself  at  any  given  time  period, 
the  most  pronounced  and  consistent  were  sharp  rises  in  peroxide  level,'  In  the 
only  two  cases  where  this  was  not  indicated,  the  fresh  samples  of  fuels  K29  and 
30,  there  was  a  delay  of  several  weeks  between  the  submission  of  the  after-Coker- 
test  samples  and  performance  of  the  analysis  which  may  have  allowed  some  of  the 
peroxides  to  react  further  to  more  stable  types  of  hydrocarbon  oxidation  products. 
These  data  at  any  rate  confirm  that  oxidation  does  take  place  'under  the  inviron- 
mental  conditions  pro'vided  by  the  CFR  Fuel  Coker  at  4OO  F-plus  temperature 
conditions.  Peroxide  level  showed  no  large  nor  consistent  changes  during  storage 
with  any  of  the  test  fuels  however,  nor  could  infrared  spectra  run  on  the 
complete  fuels  before  and  after  storage  (using  the  icebox  "pseudo-fresh"  samples) 
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detect  the  appearance  of  more  stable  type.s  of  hydrocarbon  oxidation  products. 

lamp  sulfur  values  did  not  indicate  depletion  of  this  type  of  fuel  ia^purity 
during  the  Coker  test,  either  with  the  fresh  ©r  the  aged  fuels.  However  it  may 
fee  significant  thatjthe  three  fuels  which  did  deteriorate  in  thermal  stability 
quality  during  storage  were  measurably  higher  in  sulfur  content  than  the  other 
two  “  even  though  all  were  far  below  pemissible  specification  limits  (<0,4  Wt,  %) 
More  precise  analyses  for  sulfur  ard  planned,  using  a  method  eensitive  to  part- 
per-million  level  concentrations. 

The  small  changes  in  basic  nitrogen  analysis  before  and  after  Goker*teSting 
are  not  how  believed  significant,  nor  do  the  differences  in  content  of  either  basic 
or  total  nitrogen  when  fresh  appear  to  fit  any  consistent  pattern  with  respect  to 
the  storage  performance  of  the  different  fuels. 


Analyses  for  polycyclic  aromatics  by  1/7  light  absorption  showed  measurable 
concentrations  of  such  materials  in  all  but  fUel  K26,  which  was  also  the  meet 
thermally  stable  of  the  group  both  before  and  after  storage.  Ah  earlier  section 
of  this  report  has  shown  (see  Figure  6)  the  very  marked  difference  in  thermal 
stability  performance  between  three  different  cuts  fractionated  fran  a  marginal 
quality  JP-6  blend  (a  reblend  of  the  West  Texas  keroslne  plus  alkylate  test  fuel 
-  K30),  These  tests,  employing  the  thermal  Insulating  effects  of  deposits  laid 
down  as  a  criterion,  indicated  the  most  thermally  unstable  constituents  of  this 
fuel  to  be  concentrated  in  the  400  F-plus  boiling  fraction.  Efforts  were  made 
to  isolate  by  comparative  gas  chromatograms  the  materials  which  were  depleted 
from  this  fraction  in  forming  the  deposits,  passing  samples  before  and  after  the 
thermal  stability  test  through  an  F,  &  M,  temperature-programmed  gas  chromato¬ 
graphy  apparatus  employing  silicone  grease  as  a  fixed  phase.  Results  were  somewhat 
inconclusive,  but  did  Indicate  that  whatever  differences  there  were  in  these  400  F- 
plus  boiling  range  before-and-after-heating  samples  were  concentrated  in  the  heavy 
ends.  Samples  of  these  heavy  components  were  therefore  "trapped"  as  they  emerged 
from  the  gas  chromatography  apparatus  and  examined  by  infrared  and  ultraviolet 
spectroscopy.  Naphthalene-nucleus  aromatic  hydrocarbons  were  identified  in  the 
trapped  samples,  suggesting  that  these  or  oxidized  derivatives  may  be  contributing 
to  thermal  instability  at  temperatures  of  400  F  and  above. 

Comparative  gas  chromatograms  using  the  same  equipment  were  also  run  on 
the  fresh  fuels  before  and  after  Coker  testing  and  on  the  fresh  versus  the  aged 
fuels.  No  changes  in  individual  peaks  could  be  detected  reflecting  either  the 
hydrocarbon  components  in  the  fuel  which  had  reacted  to  make  the  deposits  laid  down 
in  the  Coker  or  those  which  had  reacted  in  the  storage  containers  to  produce  the 
observed  changes  in  performance.  It  has  been  concluded  that  for  further  application 
of  gas  chromatography  to  this  analysis  problem  some  auxiliary  means  of  concentrat¬ 
ing  the  deposit  precursors,  such  as  fractional  distillation  or  selective  adsorption, 
must  be  employed. 

The  Millipore  particulate  contamination  tests  showed  small  rises  in  level 
of  filterable  solids  for  fuels  K28,  K29  (vented)  and  K30  (sealed).  With  the 
latter  fuel,  it  may  be  recalled  that  filterable  solids  in  the  <3*0  micron  range 
did  affect  CFR  Fuel  Coker  rating,  as  established  by  a  separate  test  using  a 
0.45  micron  prefiltration  step  in  place  of  the  standard  3.0  micron  prefilteration 
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with  Whatman  #2  filter  paper.  The  indications  of  Y9Py  laargs  increases  1ft  partlcu** 
late  contamination  for  both  the  sealed  and  vented  samples  of  fuel  E27  were  traced 
to  linde  4A  molecular  sieve  fines  vhlch  must  have  been  carried  over  froa  the  prepara¬ 
tion  of  the  fresh  sample.  This  material  appears  to  “be!. completely  remwed  by  the 
standard  prefiltratlon  procedure,  since  aun  extra  Coker  test  using  0.45  iiierOR  pro- ' 
filtration  showed  no  difference  in  results. 

Analyses  for  trace  amounts  of  soluble  iron  showed  all  of  the  samples  less  than 
1.0  ppm  in  this  respect  both  before  and  after  storage'*'  Analyses  for  soluble  copper 
were  run  initially  on  all  the  fuels  using  a  technique  acctirate  to  0.1  ppm.  Follow¬ 
ing  storage,  it  became. apparent  that  fbel  K26  had  darkened  in  color  sufficiently 
to  prevent  the  use  of  this  colorimetric  analysis  technique.  In  addition,  it  was 
desired  to  establish  whether  the  slight  indications  of  higher  soluble  copper  levels 
for  fuel  K27  were  significant  -  therefore  the  soluble  copper  analyses  were  repeated 
using  a  method  accurate  to  10  pph.  These  results  do  show  some  spread  in  this 
respect,  with  fuel  K27  the  highest  of  the  group  by  a  factor  of  2  or  3.  Since  this 
fuel  did  deteriorate  in  thermal  stability  rating  during  storage  these  results  may 
be  significant,  considering  that  copper  is  a  well-knovn»  pro-cuddation  catalyst. 

Soluble  lead  analyses  were  also  made,  to  check  the  possibility  of  contamina¬ 
tion  by  leaded  gasoline  with  any  of  the  fuels  and  its  possible  relationship  to 
either  long  or  short  term  temperature  stability  effects.  In  only  one  case  was 
this  measurable,  with  the  additive  base  fuel  K500*  Since  this  fuel  was  blended 
identically  to  fuel  K30  and  yet  performed  significantly  poorer  in  the  CFB  Fuel 
Coker  test,  the  presence  of  lead  may  be  significant  and  this  possibility  is  to  be 
checked  with  synthetic  blends  containing  small  amounts  of  tetraethyllead. 

The  total  oxygen  analyses  serve  mainly  to  show  that  oxygen  level  in  the  fuels 
thoBselves  did  not  differ  appreciably  between  the  vented  versus  nitrogen-purged- 
and-sealed  storage  containers,  which  agrees  with  the.  lack  of  difference  in  thermal 
stability  rating.  If  oxidation  reactions  were  respdhsible  for  the  changes  in 
thermal  stability  after  storage,  apparently  the  small  amotints  of  residual  oxygen 
dissolved  in  the  fuels  themselves  was  more  than  enough.  A’ better  procedure  for 
eliminating  oxygen  access  to  jet  fuels  would  be  to  collect  the  fuels  under  nitrogen 
directly  -from  the  refinery  fractionation  facilities  and  to  maintain  it  xmder  this 
nitrogen  atmosphere  from  this  point  on  until  it  enters  the  combustion  sections  of 
the  aircraft  engines  themselves. 

Considering  next  the  Saybolt  color  ratings  for  the  group  of  fuels,  it  is 
apparent  that  the  three  fuels  (K27,  28,  29)  which  deteriorated  measurably  in 
thermal  stability  after  storage  also  darkened  measurably  in  color  —  fuel  K28 
falling  off  the  limits  of  the  Saybolt  scale  after  storage.  This  suggests  that 
formation  of  color  bodies  or  chromophones,  through  selective  oxidation  of  fuel 
constituents  of  relatively  dense  molecular  structures,  is  associated  vfith  the 
thermal  stability  effects.  This  indication  has  accordingly  been  followed  up  by 
more  detailed  examination  of  the  optical  characteristics  of  these  fuels  using  the 
&U93h  and  Lomb  Spectronic  20  spectrophotometer  employed  for  the  5  nil  thermal 
stability  bomb  test  discussed  earlier. 

In  Figures  40  through  45  are  plotted  the  detailed  wavelength  versus  light 
transmission  curves  for  the  fuels  described  in  Table  IX,  These  were  run  on  the 
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WRieHT  neui  p-eo-^s  (kzc) 


WAVE  LENGTH— MIUUlMiCRONS 


FIGURE  40 

UGHT  TRANSMiSSION  THROUGH  JP-6  JET  FUELS 
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%  LIGHT  TRANSMISSION -ICs  STANDARD 


96  LIGHT  TRANSMISSION- IC8  STANDARD 


midcontihemt  kero*  *■  ALKVU^TC  (K28) 


FIGURE  42 

LIGHT  TRANSMISSION  THROUGH  JP-6  JET  FUELS 


3S  LIGHT  TRANSMISSION -ICo  STANDARD 


aUL.»  COAST  KERO.  +  ACKVLATE  <  29) 


WAVE  UENGTH—  MILUIMICRONS 


FIGURE  43 

LIGHT  TRANSMISSION  THROUGH  JP-6  JET  FUELS 


%  LIGHT  TRANSMISSION-  IC-  STANDARD 


SLIGHT  TRANSMISSION -ICe  STANDARD 


WEST  TEXAS  KERO.  +  AUtYLATE  (XSOO^ 


WAVE  LENGTH  —  MIULI M ICRONS 


FIGURE  45 

LIGHT  TRANSMISSION  THROUGH  JP-6  JET  FUELS 
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%  LIGHT  TRANSMISSION— ICa  STANDARD 


fuels  both  before  and  after  GFR  Fuel  Coker  testing  at  400  F»plus  temperatures. 

Note  that  for  fuels  K26,  K3O  and  K5OO,  which  did  not  change  significantly  in 
thermal  stability  after  storage,  the  ohange  in  light  trananission  oxer  the  340- 
450  nillHeicron  wavelength  range  was  also  very  small.  For  the  other  three  fuc^s 
significant  losses  iii  light  transmission  appeared  to  accompany  the  obsorred  poorer 
performance  in  the  CFlt  Coker  test  after  storage,  particularly  fuel  K28.  thle 
confirmed  the  trend  shovhi  by  the  Saybolt  color  ratings  listed  In  Table  II.  light 
transmission  deereased  after  heating  during  the  CFR  Coker  test  for  all  the  fuels 
ajteept  K28,  where  the  trend  in  the  opposite  direction  perhaps  indicates  eoneentra«> 
tion  of  the  color  bodies  In  to  the' deposits  left  in  the  apparatus.  This  effect 
forms  the  basis  for  the  5  ml  bomb  thermal  stability  test  described  earlier. 


Table  X  shows  chemical  and  physical  data  obtained  on  the  hydrotreated 
samples  of  Fuels  K28  and  29,  which  it  may  be  recalled  failed  to  restore  the 
thermal  stability  performance  of  these  two  fuels  to  the  initial  level  prior  to 
storage.  Hydrotreating  under  these  conditions  reduced  total  sulfur  levels  in 
both  fuels,  reduced  basic  nitrogen  and  improved  the  Saybolt  color  ratings.  It 
also  dropped  the  polycyclic  aromatic  content  significantly,  the  catalyst  used 
having  been  selected  for  its  ability  to  accomplish  this  ~  however  it  is  not 
known  whether  the  reduction  of  naphthalenes  represented  complete  hydrogen  satura¬ 
tion  of  both  rings  or  partial  conversion  to  tetralin  type  structures.  The 
fluorescent  indicator  absorption  analyses  show  increased  olefin  level  after 
hydrotreating,  however  this  is  not  believed  correct  since  the  FIA  technique  is 
not  considered  meaningful  by  this  laboratory  for  olefin  concentrations  below 
5  per  cent.  Olefins  calculiited  from  bromine  number  show  the  expected  reduction 
with  hydrogen  treatment.  If  the  latter  are  accepted  and  the  FIA  aromatics 
values  are  corrected  upwards  correspondingly,  then  the  comparison  between  total 
aromatics  before  and  after  hydrotreating  show  only  slight  changes.  This  would 
imply  that  perhaps  the  naphthalene  nucleus  compounds  were  only  partially  con¬ 
verted,  to  tetralin  structures. 

Following  up  the  Saybolt  color  data  in  Table  X,  Figures  46  and  47  show 
complete  wavelength  versus  light  transmission  curves  for  fuels  K28  and  29  before 
and  after  hydrotreatment.  Note  that,  although  light  transmission  from  4OO  milli¬ 
microns  on  out  through  the  visible  range  was  greatly  improved  by  hydrotreating,  ■ 
wavelengths  below  this  level  still  showed  much  more  absorption  than  the  fresh 
fuels.  Thus,  compoionds  formed  during  storage  of  a  nature  such  as  to  absorb  ultra¬ 
violet  light  in  the  350  millimicrons  wavelength  range  appear  related  to  thermal 
stability  performance  as  defined  by  the  CFR  Fuel  Coker, 

This  further  supports  the  selection  of  the  350  millimicron  wavelength  band 
for  use  in  the  5  ®1  thermal  stability  bomb  test  described  earlier. 

Table  XI  lists  physical  and  chemical  analysis  results  obtained  on  the  blends 
of  fuel  K5OO  with  antioxidant  additives,  and  on  fuel  K29  after  storage  in  drums 
lined  with  HMM-EC776SR.  These  data  were  accumulated  both  to  aid  interpretation 
of  the  thermal  stability  test  work  and  to  indicate  whether  the  additives  had 
undesirable  side  effects  on  fuel  properties.  No  adverse  effects  on  corrosion  or 
water  reaction  characteristics  were  observed  either  before  or  after  storage.  The 
slightly  higher  potential  gum  rating  for  blend  K33  was  not  borne  out  by  an  increase 
in  existent  gum  after  storage.  However  blend  K32  (which  became  much  worse  in 
thennal  stability  rating  following  storage)  also  showed  a  large  increase  in  existent 
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r ABIE  1 

EPFBCT  OP  HTDROnmATlNS  C^N  TWO  JP»6  gtflSLS  AFTER  STORASE 


Fuel  Ident;*  BJ6O-IO-  . 

K28A 

K28A^ 

g29A 

K29AH 

306 

Diet!  0^86 

IBP 

318 

310 

314 

10^ 

342 

339 

337 

333 

50 

384 

380 

378 

377 

90 

452 

452 

452 

446 

EP 

462 

488 

476 

480 

Hecy, 

99 

99 

99 

99 

Res, 

1 

1 

1 

1 

tamp  Sulfur, 

Wt. 

,018 

.003 

.007 

.002 

Aromatics, ' 

m. 

9.2 

6.5 

7.8 

5.5 

Olefins, 

-41.0 

3.0 

2.6 

3.5 

Olefins,  Vol.  %  (Bromine  No. ) 

0.85 

0.12 

0.27 

0.10 

Total  Nitrogen,  - 

ppm 

3.5 

4.2 

7.0 

3.9 

Basic  Nitrogen, 

ppm 

1.69 

.33 

1.70 

.27 

Polycyclic  Aromaties, 

Wt.  % 

1.81 

.25 

2.80 

.28 

Smoke  Point, 

mm 

27.7 

31.9 

29.7 

33.7 

Saybolt  Color 

Yellow 

+23 

+4 

+30 

API  Gravity 

CFR  Fuel  Coker  Data**’ 

48.3 

49.3 

49.1 

50,1 

Tube  Rating 

4 

2 

2 

3 

4 

4 

Filter  Merit  Rating 

57 

40 

49 

46 

50 

45 

Minutes  to  25”  Hg.  AP 

>300 

142 

273 

222 

298 

204 

AP  ins.  Hg,  at  3OO  Minutes 

8.37 

3.25 

>25 

>25 

>25 

^25 

•‘‘■Composition? 

K28A  -  Mid-Continent  Kero  +  Alkylate  after  26  wks,  storage  at  110  F 
K28AH  -  K28A  Hydrotreated 

K29A  -  Gulf  Coast  Kero  +  Alkylate  after  26  wks,  storage  at  110  F 
K29AH  -  K29A  Hydrotreated 

•**At  test  conditions  of  400  F/5OO  F/6  pph 
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MtDQONTINelrr  KERO  .♦  AU<V1-ATE  (KXB) 


FIGURE  46 

LIGHT  TRANSMISSION  THROUGH  JP-6  JET  FUELS 


UIGHT  TRANSMISSION -ICe  STANDARD 


«3UI.P  COAST  KERO.  ♦  AUCYUtTE  (K29  ) 


FIGURE  47 

LIGHT  TRANSMISSION  THROUGH  JP-6  JET  FUELS 
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LIGHT  TRANSMISSION— ICe  STANDARD 


•1*^1  ■*'ii  MX  ^ 

»|§l  t 


at^O'O'X^^t^Q  J  M^'0^f^0r<!>4r^4o0ed 

#V«-  ♦-*•/«  H 


trso-o 

s|  I  I 

Cl(o^c^-a«^  +  I 


9  iH  Q  /4  t  W  «- 


,  n  -S  b,  6 

fi§l 


•HOtD  0<^«'^P~C3 

Hdd<H^'4(KC4  O^rHOiHO  I 
>A  d  N  M  I 


ssisag:''a°  '  '•'’sav'’  1 1  °~  i  i 

»^r\«»\-4  ‘f'  ♦  + 


C  r%«»\f»N^*A  ♦  ♦ 


ISSoH 

te5"«i 


'vrvR-^wx  ♦  ♦  >^kN 


1  I 


0»Ad>A00H 

o^*ddtvdd  j  ^ 


|«2c 


r>r%r>  J  w 


+  ♦  ♦ 


'll! 


5 

Cl  ♦  ♦ 


n  -0  b<  C 
iZc  t 
o|::J5 


«r  r^  P-  rM'O 

0-i-^-4<^0  "Ow^ 
-iOfuvdrH^dp^d  idc 


g;?3 

4gp: 

«  u 

9  «~<  «> 

Ti?'^ 

tB  • 

V  I  “Q 

t-s 


»1  pd'0«)'Oo»Hooo^iooi  I00  1  I  1  r  i 

£1  df^'d»rx.Ha»  r>»^  11  I  t  I  I  I 

r%f^r%-*«'  +  + 


'li 


^  • 
Rg&£2 


’i 

8 

4 

8*: 


eu  C  p 

S-a  ** 


> •«  o §“ 

c*  .■g*^ 

a.  «>>0  0  4  4 
<  (0  H  U  £  n 


S.  E.  S.  E.d 

n.  Q.  a  0.3  3 


4-  «  Iwe  iC  £  E 

*>  iHB  «3  *> 

•  I  U  I  4'  - 


ri^ 


<0  K  f---  - 


*  »,  *!&•'"“ *2? 


c  c 

5  t 

II 

I! 


3  3  3  3  S  ( 


3  0  0  0  0  1-4-0 

tftddddd  C 


^888880. 

••0>^'«^<^'w\v<v 


te-g 

!?gE 


85 


gum  content.  Both  blends  K34  and  K35  eontaining  the  bisphenol  type  antloxidanta 
sfiowed  iflMnediate  darkening  la  color  —  however,  though  the  former  darkened  further 
during  storage  the  latter  remained  unchanged,  which  paral!l.els  their  relative 
Change  In  thermal  etahiltty  rating,  Fuel  K29  vdien  stored  la  the  sealant  coated 
drums  turned  pink  in  color  ~  which  appeared  to  represent  a  dye  picked  up  from 
the  sealant  having  no  significance  with  respect  to  thermal  stability  rating. 

The  high  basic  nitrogen  analyses  for  blend  K32  containing  the  G12-C14  tert-aUcyl 
primary  amines  apparently  reflects  the  nitrogen  in  the  additive  itself, 

figures  48  through  53  show  the  detailed  light  transmission  characteristics 
for  the  additive  blends  and  for  fuel  K29  in  the  sealant-lined  drums,  l\iels  K3I 
and  33,  which  changed  only  slightly  In  thermal;  stability-quality  in  storage  also 
showed  little  change  in  light  transmission.  Fuels  K32  and  K34  which  did  become 
poorer  in  thermal  stability  rating  ^so  changed  measurably  in  light  transmission  — 
particularly  the  former.  Thus  the  pattern  shown  for  the  non-additive  tost  fuels 
was  matched  by  foiur  of  the  additive  blends.  However,  blend  K35  does  not  fit 
the  pattern.  This  fuel,  >diich  contained  the  only  additive  causing  a  large  change 
in  light  transmission  characteristics  upon  blending,  also  showed  significantly 
reduced  light  transmission  after  storage  vAiile  rei&alning  unchanged  in  thexmal 
stability  rating. 

This  illustrates  that  the  use  of  changes  in  optical  characteristics  as  an 
index  of  jet  fuel  thermal  stability  characteristics  can  be  misleading  If  the 
fuel  contains  additives  which  themselves  influence  light  transmission  through 
the  complete  fuel  in  the  350  millimicron  wavelength  range. 

Interestingly  enough  however.  Figure  53  shows  that  the  fuel  sample  stored 
in  drums  coated  with  MMM-EC776SR,  which  turned  pink  as  shown  by  the  Strong  light 
absorption  through  the  450-600  millimicron  range,  still  had  the  same  absoarption 
characteristics  as  the  sample  stored  in  uncoated  drms  at  wavelengths  below 
400  millimicrons  —  matching  their  respective  thermal  stability  performance. 

Table  HI  lists  additional  laboratory  data  on  the  con^alete  group  of  fuels 
(vented  samples  only)  for  intermediate  periods  of  8  and  16  weeks,  supplementing 
the. complete  26  weeks  data  discussed  in  the  foregoing.  These  data  serve  mainly 
to  reinforce  the  evidence  of  Saybolt  color  changes  with  the  least  storage  stable 
fuels.  It  is  also  apparent  that  a  consistent  drop  in  water  content  occurred 
during  storage,  which  is  perhaps  due  either  to  "stripping"  during  the  periodic 
aeration  of  the  samples  or  to  dropping  out  of  solution.  It  may  be  recalled 
that  all  the  vented  samples  were  water  saturated  prior  to  storage  though  this, 
as  with  air  saturation,  appeared  to  have  no  effect  measurable  on  subsequent 
thermal  stability  performance.  Peroxide  concentration  did  not  change  particulaurly 
with  storage  except  for  fuel  K32  containing  the  amine-type  antioxidant. 

Thus,  to  date  the  chemical  analysis  results  have  not  identified  the  specific 
reactants  in  fuels  K27,  28  and  29  which  altered  in  storage  in  such  a  way  as  to 
cause  poorer  thermal  stability  performance.  The  potential  influence  of  solids 
contamination  on  such  storage  changes  was,  0^  course,  demonstrated  with  one  of 
the  storage  drums  containing  fuel  K30,  The  most  apparent  common  denominators 
in  the  composition  of  the  three  fuels  which  deteriorated  in  storage  were  as 
follows?  -  (1)  sulfur  contents  were  slightly  higher  than  the  other  two  fuels. 
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KSOO+  ®.05  WT.  %  J,6~DlTE(»t.-BUTYk,-  4-METHVt.  IMENOI,  (K3t  ) 


WAVE  LENGTH- MILLIMICRONS 


FIGURE  48 

LIGHT  TRANSMISSION  THROUGH  JP-6  JET  FUELS 
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%  LIGHT  TRANSMISSION— IC8  STANDARD 


,  K50Q  +  0.0»  %  EXfERlMEMTAL  HINDERED  PBCMOL  (K33  > 


WAVE  LENGTH- MILLIMICRONS 


FIGURE  50 

LIGHT  TRANSMISSION  THROUGH  JP-6  JET  FUELS 
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%  LIGHT  TRANSMISSION- IC8  STANDARD 


K5O0  •♦0.05  WT.%  2,2*  METMVLEKE- BIS  (4- MeTMYL- 6  TtHT.-BUtYU  PHKNOE) 


FIGURE  51 

LIGHT  TRANSMISSION  THROUGH  JP-6  JET  FUELS 


%  LIGHT  TRANSMISSION-  IC0  STANDARD 


ICSOt)  ♦  0,10  WT.  %  4.4>  l.lETHYt.ENiE  ■lS(l,6-Blt6R,- BUTYL  PHENOL)  (K35) 


WAVE  LENGTH- MILLIMICRONS 

figure  52 

LIGHT  TRANSMISSION  THROUGH  JP-6  JET  FUELS 
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LIGHT  TRANSMISSION—  fCo  STANDARD 


GUUr  COAST  KERO.+  ALKYLATE  (K29) 


FIGURE  53 

LIGHT  TRANSMISSION  THROUGH  JP-6  JET  FUELS 
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SBI.F/!TBn  nHailCAL  ANALYSIS  DATA  QM  JP-6  FUELS  TOR  IMTBRIM  PERIODS 
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(2)  all  three  contained  i  to  3  per  cent  1:^  'freight  of  polycyolic  "aromatics 

(3)  one  of  the  three  oantalmed  eppreelahly  higher  coneenttations  of  selntle  copper 
than  the  other  fuels* 

X  peesihla  Influeneo  o£  contaainatloa  by  lead  on  fuol  theimal  atability  was 
indicated  for  two  fuels  otherwise  identleal  in  eor^oaltion  but  differing  slgniflo- 
antly  in  CFR  Fuel  Coker  rating  at  400  P  temperature. 

The  consistent  light  transtniselon  changes  with  fuele  iiMch  deteriorated  In 
thermal  stability  following  0t.orage  suggests  the  selective  oxidation  of  fuel 
constituents  of  condensed  aoleeular  structures  and  future  ehentieal  analysis  work 
will  attempt  to  establish  this, 

©,  Supplementary  Experiments 

This  section  susmarlzea  a  series  of  CKR  ihiel  Coker  t  ests  carried  out  on  blends 
of  Various  pure  compoiinds  in  base  fuels  of  known  thermal  stability  charaGterlstics* 
to  help  point  out  potential  classes  Of  fuel  components  contributing  to  the  thermal 
stability  problem  at  400  P«plus  temperatures  and  aid  interpretation  of  the  six 
months  110  F  hot  room  Storage  results* 

In  an  earlier  section  of  this  report  a  series  of  tests  with  a  email  scale 
recirculating  thermal  stability  tester  was  discussed  which  indicated  that*  with  one' 
JP-6  fuel  blend,  the  deposit-forming  components  were  identified  with  the  400  F-pIus 
boiling  range  fraction*  Gas  chromatography  analyses  suggested  that  polycyclic 
aromatic  hydrocarbons  might  be  potential  deposit  precursors  under  these  conditions* 
Therefore,  CFR  Fuel  Coker  tests  were  carried  out  with  experimental  fuel  blenda 
with  naphthalene  concentration  as  a  controlled  variable*  The  base  fuel  used  for 
these  e^qisriments  was  a  330-550  P  boiling  range  alkylate  (isoparafflnlc)  fraction 
containing  no  aromatics  or  non-hydrocarbon  impurities  to  speak  of,  and  rating 
extremely  high  in  CFR  Fuel  Coker  thermal  stability  perfozmanee*  Table  XIH  lists 
some  of  the  pertinent  physical  and  chemical  characteristics  of  this  product*  The 
addition  of  only  1.0  weight  per  cent  of  alpha  methyl  naphthalene  was  found  to 
produce  a  striking  deterioration  in  CFR  F\iel  Coker  rating,  ^diich  led  to  tests  with 
a  variety  of  other  aromatic  canpounds  and  potential  naphthalene  oxidation  products* 
These  data  are  listed  In  Table  XIV  and  presented  graphically  in  Figure  54*  The 
AHN  used  was  fairly  fresh  ASTIT  grade  material  as  supplied  for  reference  fuel 
purposes  for  knock  rating  of  diesel  fuels*  Nevertheless  it  Is  known  to  be  of 
uncertain  uniformity  as  to  actual  proportiois  of  AMN  present  as  opposed  to  other 
naphthalenes.  Therefore,  the  test  was  repeated  using  a  redistilled  sample  of  AMN 
in  which  the  front  10  per  cent  and  20  per  cent  bottoms  fraction  were  discarded  to 
eliminate  aromatics  other  than  methyl  naphthalenes  and  any  extraneous  naphthalene 
oxidation  products  as  well.  Though  this  would  not  have  eliminated  beta  methyl 
naphthalene,  this  distinction  is  of  no  particular  importance  for  the  present  work 
where  the  effects  of  naphthalenes  as  a  class  was  the  main  interest  (at  this  point}* 
The  redistilled  material  had  an  equally  potent  adverse  effect  on  CFR  Fuel  Coker 
rating,  A  third  test  was  carried  out  using  the  redistilled  AMN  in  >diich  oil-free 
nitrogen  gas  was  bubbled  through  the  test  fuel  sample  for  one  hour  prior  to  the 
test  and  throughout  the  entire  five  hours  d\iration  of  the  test  Its^f,  thus  exclud¬ 
ing  oxygen  as  completely  as  possible  from  contact  wi^h  the  fUel  stream  entering 
the  CFR  Fuel  Coker  hot  section.  Results  of  this  test  showed  markedly  better 
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TABLE  mi 


nPLCAL  FROPgRTlES  OF;  ISOPARAFFINIC  AimATE  FRACTION*  ■USED 
AS  BASE  FUEL  FOR  PURE  HYDROCARBON  BLENDS 


Stean  Jet  Esdetent  QyM,  mg/lOO  ml 
Potential  Gum,  Total,  mg/lOO  ml 
Solubles 
Ineiolubles 
ASm  Instillation 
IBP,  F 

10^  Evaporated 
5<y%  Evaporated 
905?  Evaporated 
EP 

API  Gravity,  degrees 
Composition,  vol.  $ 


0.6 

3.3 


362 

372 

395 

urn 

570 

■  53.0 

Essentially  1005? 
Paraffine 


Flash  Point,  F  142 
Net  Heat  of  Combustion,  Btu/lb.  18,923 
Sulfur  Content,  %  Ut« 

Total  0.005 
Mereaptans  <0.001 


♦Phillips  Base  Oil  #1 


THEIXAL  STAflILITI  RATINSS  OF  SmTHSTIC  BLENDS 
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TEST  CONOITIONS  :  450  F/ SSO  F/ 6PPH 
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CFR  FUEL.  COKER  RATINGS  OF  EXPERIMENTAL  FUEL  BLENDS 


pep^ormanee  than  >fhea  nomal  pre-neration  of  tho  fuel  was  employed,  suggesting  that 
oxidation  is  an  important  step  in  the  roactlons  participated  in  by  the  cpnfaalnant* 
Althou^  the  performancs  remained  aometAtat  poorer  than  paraffinic  base  fuel  alone, 
it  is  not  known  quantitatively  how  much  of  the  oxygen  originally  dissolved  in  the 
test  fhel  eanple  was  suooessf^lly  *etrippede  away  by  the  nltrogen>purglng  proosss* 
Additional  tests  Wera  then  oarrlad  out  at  lower  eottoentratlons  with  both  the  eompleto 
and  the  redistilled  ASTK  grade  AMN,  and  with  a  single  saz^le  (available  In  very  Small 
quantity)  of  a  95  per  cent  ptirlty  AMN  batch*  The  adverse  effects  of  the  latter 
material  vers  very  much  leas  than  either  the  recUstiUed  or  ’'aS’-ie'*  ASTK  AKH,  though 
still  meaedrable*  A  sample  of  ptnre  naphthalene  tested  In  1*0  weight  per  eeat..  oour- 
centratien  in  the  base  oil  showed  significant  adverse  effect  on  thermal  stability 
performance  at  these  totperatnre  conditions. 


Therefore,  chemical  analyses  were  made  to  establish  the  nature  and  anount  of 
Impurities  present  in  the  batch  of  ASOI  grade  AKS  used  for  the  GFR  Fuel  Coker  tests 
showing  the  strongest  adverse  effeets.  Residts  were  as  follpwet 

Ccmbonent  A31M»AKII  7056,  Heart  Cut  ASTM*AtllI 


Alpha-aethyl-naphthalen^  ^1  Wb.  ^ 


5&  Wt.  % 
37 
5 


Total  Sttlfur,  l-ray  fluorescence  0*62 


O.SO 


Ojqrganated  compounds.  Infrared  Strong  "OH"  bands  Strong  "OH"  bands 

It  le  shown  that  contaminants  in  addition  to  other  naphthalene  hydrocarbons 
were  definitely  present  in  both  the  original  and  redistilled  samples  of  this 
product.  Further  attempts  to  identify  the  material  termed  "heavier"  in  the  gaa 
chromatography  analysis  Indicated  that  it  is  probably  associated  with  the  "OH" 
band  absorption  shown  by  the  infrared  spectra.  The  fact  that  this  material 
apparently  boils  within  a  degree  or  two  of  the  methyl  naphthalenes  would  appear 
to.  rule  out  methylnaphthalene  oxidation  products  or  evwi  naphthols,  unless  sn 
azeotrope  exists.  Mass  spectrometry  showed  this  unknown  to  have  a  nass  number  * 
which  could  be  accounted  for  by  a  tetrahydronaphthol  structure*  Since  both  the 
original  and  redistilled  AMU  samples  showed  0,8  per  cent  by  weight  of  sulfur 
contaminant,  another  possibility  would-be  heterocyclic  compounds  containing  a 
sulfur  atom  in  the  ring  and  a  hydroxyl  group  attached* 


In  any  event  It  was  established  that  these  ASIM  grade  AMN  samples  did  contain 
appreciable  non>naphthalenlc  contaminants  iidiieh  therefore  clouds  ths  effects  observed 
on  thennal  stability.  The  95  per  cent  purity  alphamethylnaphthalene  was  examined 
by  Infrared  and  showed  no  hydroxyl  bonds,  betamethylnaphthalene  in  very  minor 
quantities  being  the  only  contaminant. 

Further,  GFR  Fuel  Coker  testing  was  carried  out  with  four  different  benzene 
nucleus  aromatic  expounds  blended  to  1*0  per  cent  concentration  in  this  baee  fuel, 
including  one  (phenyl  butene-2)  with  an  oleflnle  side  chain  and  another  (isoprcpyl 
benzene)  with  which  considerable  data  are  available  as  to  liquid  phase  oxidation 
characterletics.  None  of  these  showed  slgnifieant  effects  on  themal  stability 
performancs,  A  test  with  totralin  as  the  contaminant  showed  similar  lack  of  response 
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—  and  tetralin  is  another  hydrocarbon  whose  tendency  towards  slow  oxidation  in  tht 
liQtoid  phase  ie  well  know®,  A  saaiple  of  redistilled,  indene  did  show  adverse  effects 
on  et&bility  perfoitaanee  •>  however  subsequent  infrared  analysis  showed  appreciable 
carbonyl  absorption  in  the  Indeae, 

Thus,  in  every  instance  In  which  the  addition  of  an  aromatic  hydrocarbon  to 
the  base  fuel  caused  significantly  poorer  performance  in  the  CJIi  Jbel  Coker,  oxi-* 
dized  impurities  were  present.  Therefore,  to  cheek  the  direct  effects  of  potential 
hydrocarbon  oxidation  products,  teste  were  .carried  out  in  which  small  concentrations 
of  1  and  2  naphthol  were  added  to  the  base  fuel*  In  both  cases  (see  Figure  5k) 
very  potent  adverse  effects  were  observed.  However,  a  third  compound,  1,4-naphtho- 
qulnone  showed  only  questionable  adverse  effects. 

More  work  along  these  lines  is  planned,  however  at  this  stage  it  can  be  sa^d 
only  that  (1)  a  strong  adverse  effect  of.  certain  aromatic  oxidation  products  on. 

CFR  Fuel  Coker  rating  at  450^550  F  was  shown  and  (2)  an  adverse  effect  of  the  aro¬ 
matics  themselves  during  short  term  eXposttre  to  high  teirperatureS  In  the  CFR  Fuel 
Coker  has  not  been  shown. 

As  to  the  effects  of  o^qrgen  availability  on  thermal  stabillby  perfomahcc, 
further  work  was  dona  with  a  different  test  fuel,  a  reblended  batch  of  one  of  the 
JP-6  storage  fuels  (Gulf  Coast  kerosine  plus  alJqrlate-K29)  containing  2.9  weight 
per  cent  polycyclic  aromatics  by  UV  analysis.  A  CFR  Fuel  Coker  rating  at  450-550  F 
temperature  conditions  using  the  normal  preaeration  procedure  rates  this  test  fuel 
as  a  positive  "fail”  by  both  filter  plugging  and  heater  deposition  criteria.  Sub¬ 
stitution  of  one  hour  nitrogen  purging  for  aeration  produced  only  a  slight  improve¬ 
ment  in  rating  if  the  vented  run  tank  was  allowed  to  draw  in  air  ae  the  fuel  level 
dropped,  which  is  normally  the  case.  If  the  nitrogen  bubbll:ng  was  continued  through¬ 
out  the  Coker  test,  however,  to  maintain  a  i\ltrogen  blanket  above  the  fuel  level 
and  prevent  air  Intake,  the  rating  was  much  better,  as  with  the  previously  dlaeussed 
synthetic  naphthalene  blend.  Figure  55  shows  these  trends  graphically. 

A  possible  implication  of  this  is  that  preparation  and  storage,  tmder  inert 
atmospheres,  of  high  thezmal  stability  Jet  fuels  might  not  have  the  desired  beneficial 
effects  on  thermal  stability  perforaance  in  the  Jet  power  plants  if  the  fuel  tanks 
in  the  aircraft  itself  were  not  also  inerted. 

Analyses  for  peroxide  level  were  made  before  end  after  thermal  etability  test¬ 
ing  of  the  aerated  and  completely  inerted  samples  of  this  test  fuel,  and  are  listed 
below. 


Peroxide  No.,  Kille- 
quivalenta.  Active  Og 

Condition  Prior  per  liter 

Fuel _  _ _ To  CFR  Coker  Test _  Before  Test  After  Test 


JP-6  prepared  from  Normal  pre-aeration  0,06  0,67 

Gulf  Coast  Kero sine  nitrogen  piu-ged  ♦  blanketed  0,08  0,14 

plus  alkylate 

These  results  agree  with  the  trends  shown  by  the  CFR  Coker  tests  thonselves.  In 
that  much  less  peroxidation  took  place  in  the  sample  from  which  oxygen  was  excluded 
as  completely  as  possible. 
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Another  type  of  oxygenated  hydrocarbon  -ydiich  coiild  conceivably  be  present  in  jet 
fuels  whifch  had  not  been  caustic  washed  is  represented  by  naphthenic  acids,  present 
in  certain  crude  oils  in  very  appreciable  concentrations*  At  the  request,  of  WADD 
a  short  series  of  CFR  Fuel  Coker  tests  was  carried  out  at  400-500  F  temperature 
conditions  using  a  second  batch  of  the  same  JP-6  fuel  employed  for  the  preceding 
experiment,  with  naphthenic  acid  concentration  as  a  controlled  variable.  Figure  55 
shows  the  results  of  adding  0.023  and  0.230  vol,  %  ot  a  mixed  naphthenic  acid 
fraction  to  this  base  fuel.'  It  is  apparent  that  thermal  stability  quality  was  not 
harmed  and  may  actually  have  been  helped. 

In  the  previous  section  during  the  discussion  of  the  storsige  results  it  was 
pointed  out  that  with  some  of  the  fuels,  deterioration  in  CFR  Cokarperformance 
following  storage  was  accompanied  by  increased  light  absorption  characteristics  in 
the  340-400  millimicron  range- of  wavelengths*  It  was  therefore  considered- of  Intereet 
to  evaluate  the  optical  characteristics’  of  some  of  the  synthetic  CFR  Coker  test 
blends  with,  aromatic  nucleus  compoundB^ just  discussed^ from  this  Standpoint, 

Figures  56,  57  and  56  present  these  curves.  Concerning  the  alphmethyXnaphthaleae 
blends,  it  is  shown  that  an  absorption  peak  around  390-400  millimicrons  Is  present 
in  all  cases  with  blends  containing  the  ASfK-AMN,  either  as-ls  or  redistilled.  This 
is  not  characteristic  of  methyl  naphthalenes  and  therefore  must  accompany  the 
presence  of  the  impurity  —  the  95  por  cent  Purity  AKM  did  not  show  this  absorption 
peak. 

Concerning  the  general  relationship  between  light  transmission  in  the  350 
millimicron  wavelength  range  and  thermal  stability  performance,  this  appears  to  hold 
in  every  case  except  for  the  1,4-naphthoqulaone,  which  had  pronounced  effects  on 
light  transmission  with  only  slight  adverse  effects  on  thermal  stability  rating* 


IV.  CONCLOSIOW3 

A*  Results  of  experimental  development  of  smeill  scale  jet  fuel  theiual  stability 
test  methods  during  the  first  year  of  work  under  this  contract  were  as  follovrei 

(1)  A  recirculating=>flow  type  of  test  subjecting  a  one-liter  fuel  sample 
to  alternating  heating  and  cooling  cycles  was  found  to  lay  down  hot 
section  deposits  whose  effect  on  coefficient  of  heat  transfer  was 
measurable  and  consistent.  Some  agreement  In  trend  existed  between 
ratings  in  terms  of  coefficient  of  heat  transfer  after  one  hour 

of  operation  with  JP-6  jet  fuels  and  ratings  at  400=500  F  by  the  - 
CFR  Fuel  Coker  test, 

(2)  Preliminary  testing  with  a  small  scale  static  procedure  employing 
an  electrically  heated  nick:.!  wire  as  both  heat  source  and 
temperature  sensing  device  has  indicated  that  the  rise  in  tsnpera- 
ture  of  ‘the  wire  as  deposits  accumulate  from  250  ml  fuel  samples 
offers  one  possible  approach  to  a  very  simple  type  of  test  to 
evaluate  fuel  thermal  stability  effects  in  a  realistic  manner. 
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FKJURE  56 

UGHT  TRANSMISSION  THROUGH  ALPHA  METHYI. 
NAPHTHAUENGS  BLBNPeD  IN 
PARAFFINIC  SOLVENT 
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LIGHT  TRANSM  lS5iait>ICa3TAKDARO 


WAVE  UENGTH— MlLUIMlCROMS 
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%  LIGHT  TRANSMISSION-ICbSTANOARD 


(3)  A  very  small  scale  (5  ®1  fuel  sample)  static  thermal  stability  test 
was  investigated  using  a  small  stainless  steel  bomb  externally  heated 
by  radiation  from  a  laboratory  muffle  furnace.  An  indirect  empirtcai 
index  of  thermal  stability  was  employed  based  on  light  transmiesion 
through  the  test  fuels  after  heating  to  selected  temperature  levels. 
This  technique  appeared  capable  of  separating  fiiels  Woadly  into 
"good”,  "fair"  and  "poor"  thermal  stability  categories,, 

B,  Results  throxighout  the  first  year  of  work  on  JP“6  jet  fuel  storage  stability 
characteristics  were  as  follows? 

(1)  Of  five  JP-6  fuels  stored  26  weeks  at  110  F  with  no  additives  present^ 
one  fuel  did  not  change  at  all  in  terms  of  CFR  Fuel  Coker  rating,  a 
second  fuel  showed  evidepc®  of  deterioration  in  only  one  storage  drum 
(which  was  traced  to  build  up  in  solids  contamination)*  while  the  three 
remaining  fuels  deteriorated  significantly  in  all  storage  drums, 

(2)  No  significant  differences  in  GFR  Fuel  Coker  performance  were 
observed  between  the  vented  samples  of  these  test  fuels  after 
26  weeks  hot  room  storage  and  those  sealed  under  a  nitrogen 
atmosphere.  Analyses  showed  0,02-0.05  weight  per  cent  oxygen 
present  in  fuels  from  both  sealed  and  vented  containers, 

(3)  The  fuels  which  deteriorated  in  thermal  stability  after  storage 
were  relatively  high  in  polycyclic  aromatics,  sulfur  and  (in  one 
case)  trace  copper  content, 

(а)  The  only  prominent  chemical  or  physical  change  thus  fen*  identified 
•which  agrees  in  trend  with  the  changes  in  thermal  stability  perform¬ 
ance  is  darkening  in  color,  which  is  most  apparent  In  terms  of 

light  absorption  at  340-400  millimicrons  wavelength.  This  is  prestimed 
to  reflect  oxidation  of  certain  fuel  constituents  of  relatively 
condensed  structures,  but  this  has  not  yet  been  verified  by  analysis. 

(5)  Five  blends  of  a  poor  thermal  stability  quality  base  fuel  stabilized 
with  commercial  antioxidant  additives  showed  one  (containing  0,10 
weight  per  cent  bis-phenol  rubber  antioxidant)  to  be  unchanged  after 
storage,  three  (containing  lower  concentrations  of  other  phenol-type 
additives)  showing  some  evidence  of  deterioration  and  one  (contain¬ 
ing  0.01  weight  per  cent  alkyl  amines)  badly  deteriorated, 

(б)  A  variety  of  pure  aromatic  con5)0\inds  added  in  low  concentrations  to 
a  very  stable  paraffinic  base  fuel  caused  strong  adverse  effects  on 
thermal  stability  performance  only  with  methyl  naphthalene  and  indene 
samples  containing  oxidized  impxirities.  Addition  of  two  naphthoi 
compounds  also  caused  strong  adverse  effects  on  thermal  stability, 
though  a  naphthoqiiinone  and  a  mixed  naphtijenic  acid  fraction  did  not. 

(7)  The  chemistry  of  high  temperature  deposit  formation  in  the  CFR  Fuel 
Coker  test  was  shown  to  involve  oxidation  by  -virtue  of  increases  in 
peroxides  content  in  all  the  fuels  after  testing  plus  marked  improve¬ 
ment  in  performance  when  air  was  excluded  from  the  test  apparatus. 
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V,  FUTURE  PLANS 

Future  efforts  on  the  development  of  email  scale  jet  fuel  thermal  stability 
test  methods  will  be  concentrated  on  the  static  hot  wire  and  5  ml  bomb  approaches, 
the  recircTolating  flow  type  of  test  falling  more  within  the  scale  of  apparatus 
being  studied  under  other  Air  Force  contracts „  At  aa  early  stage  in  the  second 
year  of  work  under  this  contract  a  decision  will  be  made  as  to  idiich  of  those  two 
devices  appears  most  promising,  and  the  remainder  of  the  period  will  be  concentra¬ 
ted  on  tho  evaluation  of  fuels  tested  in  other  larger  scale  epparattrs  for  eorrelatior). 
purposes. 

Future  plans  for  the  jP-6  storage  stability  project  include  continuing 
efforts  to  ej^lain  by  chemical  etnalyais  the  changes  in  thermal  stability  of  the 
fuels  completing  26  weeks  110  F  hot  room  storage  during  the  period  covered  by  the 
present  report.  In  addition,  the  same  group  of  fuels  will  complete  52  weeks  of 
storage  at  ambient  temperatures  during  this  period,  enabling  canparison  of  these 
data  with  the  hot  room  trends.  Further  chemical  analysis  work  can  then  be  done 
to  pin  down  more  conclusively  which  types  of  fuel  constituents  oxidized  in  storage 
to  cause  changes  in  performance,  to  allow  recommending  techniques  for  predicting 
and  preventing  such  changes.  To  support  these  conclusions,  several  additional 
fuels  will  be  stored  for  26  weeks  at  110  F  in  the  hot  room  in  the  presence  of 
known  amounts  of  various  fuel  constituents  or  contaminants  believed  undesirable 
from  this  standpoint* 
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